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PREFACE. 



"lo:- 



Thx eontents of the following pages have been re- 
printed with considerable additions from The Stctdknts' 
JouBVAL, in which publication they originally appeared 
under the title of " General Outlines of Chemistry." 

The endeavour has been throughout to present the 
leading facts of the Science in as systematic a manner 
as possible, and by explaining the meaning of every 
symbol, no matter where or how ofben it may occur, 
to facilitate the acquirement of a subject concerning 
the difficulty of which there can be but one opinion. 
Should this object have been attained, in however 
small a degree, it will be a matter of no small grati- 
fication to the 
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ERRATA. 

Page 6 — 7th line' from the bottom, for 1<* read 1. 

„ 8 — 7th line from the top, for unstable read unstable. 

„ 10 — 5th line from the bottom, for idodide read iodide. 

„ 11 — 4th line from the bottom, for Ntrogen read Nitrogen. 

„ 18 — 1st line on page, for nitroxl read nitroxyl. 

„ 20— 3rd line from the bottom, for HjSO^ read H,S04. 

„ 21 — 8th line from the top, for substance read substances. 

,, 48 — 19th line from the top, for Phosphorus with Hydrogen 
read Phosphorus with Oxygen. 

y, 48 — 2nd line from the top, for HjAsO^ read HgAsO,. 

„ 48 — 8th line from the top, for odourless read colourless. 

4, 48 — 7th line from the bottom, for deep read pale. 



AIDS TO CHEMISTRY. 



OXYGEN. 

Symbol, O. Combining weight, 16. Density, 16. 

Descriptton.^^A. gas ; colourless, inodorous, invisible, and 

tasteless. Slightly soluble in water. The great supporter of 

combustion, and most magnetic of gases. Specific gravity 

is 1*1056, the specific gravity of air being 1. A dyad element, 

Toplacing two monads as in the case of water ^r 0. Neces- 
sary to decay, germination, and putrefaction. 

Sources, — ^Exists free in the atmosphere, of which it consti- 
tutes one-fifth by bulk, and combining with almost all organic 
bodies and most minerals, forms nearly half by weight of the 
solid earth. Fluorine is remarkable for forming no compounds 
with this g^as. Eight-ninths by weight of water consist of 
oxygen. 

Preparation,''-^^!.') By heating red mercuric oxide (HgO). 

HgO + heat = Hg -f 0. 

Jf etallic mercury remains at the l^ttom of the vessel, and 

oxygen is given off, and is collected over water. 

(2) By heating chlorate of potash (KGIO3). 

KOlO, 4- heat = KOI + 30. 
Chloride of potassium and oxygen are formed. 

(3) By heating munganese dioxide, otherwise called black 
oxide of manganese (MnO,). 

3MnO. 4- heat == MnO, MujOj -f- 20. 
The black oxide is decomposed into the red mangano-mangamc 

oxide and oxygen, 

(4) By mixing a small quantity of black oxide of manganese 
with the chlorate of potash, it is found that' the oxygen is given 

B 



off at a mnch lower temperatnre from the chlorate, thns facOi-- 
tating the eyolntion of the gas, while the manganese dioxide 
does not undergo the slightest change. 

(5) By electrolysis from water (E^O), the oxygen separating 
at the platinode or positiye i>ole. 

(6) By the addition of strong snlphnrio aoid, (H^SOJ to man- 
ganese dioxide. 

2MnO, + 2H2SO4 = 2MnS04 -f 2HjO + 20. 
Sulphate of manganese, water^ and oxygen are formed. 

(7) Oxygen is set free hy the action of sn^ght upon the car- 
bonic acid CCO2) contained in the air, through the chlorophyll^ 
or green colouring matter of plants. The plant takes up th& 
carbon (G) for its g^rowth, the oxygen being set free for th» 
support of the respiration of anixxials. 

Tests* — (1) A glowing chip of wood plunged into the gas 
immediately hursts into flame, « 

(2^ Sulphur which bums with a i)ale blue flame in air, emits 
a bright vtokt light in oxygen. 

(8) Phosphorus inflamed and placed in this gas exhibits 
dazzling hrtttiancy, 

(4) By tipping a bundle of fine iron wire, or a steel watch- 
spring with burning sulphur or glowing amadou (a spongy- 
substance), and placing it in a jar of oxygen shimers of splendid 
scintillations are produced, oxide of iron dropping in the molten 
state to the bottom of the jar. 

OZONE- 0,0. 

Description, — An allotropic modification of oxygen ; may b& 
termed condensed oxygen, since it is found tbat this substance 
is one and a-half times as heavy as 0, t.e., three Tolumes of O 
condense to form two Tolumes of ozone. It is a gas of a peculiar 
odour which is perceptible during the working of an electrical 
machine ; possesses great bleaching and disinfecting properties, 
and is completely soluble in oil of turpentine. 

Preparation,— (i) By passing a series of electric sparks 
through the air or through oxygen. 

(2^ By allowing a stick of phosphorus to hang in a bottle 
filled with moist air. 

(8) By the electrolytic decomposition of water, in which 
small quantities of ozone are produced. 

(4) By the action of strong sulphuric acid (HjSOJ upon per- 
manganate of potash (KJVInO J thus*- 



2KJfiiO^ + 8H,S04 = BLSO^ + 2MnS0^ + 8H,0 + 20 + 0,0. 
Sulphate of potosh, sulphate of manganefle, water, oxygen, and 

ozone are produced. 

Tests, — (1.) Sets iodine (I) free from iodide of potassiiim 
(EI), hence paper impregnated with starch and iodide of 
potassium is turned blue by ozone. 

6KI + 8H,0 + 0,0 = 61 + GKHO. 

Iodide of potassinm, water and ozone give free iodine 

and liqnor potassffi. 
(2). Conyerts protosalts of manganese into persalts, and 
sulphite of lead into sulphate. • 

HYDROGEN. 

Symbol, H. Combining weight, I. Density, 1. 

Description, — ^A gas ; colourless, invisible, tasteless, and in- 
odorous. The lightest body known, being 14*47 times lighter 
than air. Very slightly soluble in water. The specific grayity, 
air being taken as the unit, is 0*0693. 

A monad element, and the standard of atomic weights. 

Sources. — Chiefly found in combination; with oxygen in 
water of which it forms one-ninth by weight, and in nearly all 
organic bodies. 

Prqiaration, — (1.) From water (H^O) by metallic sodium 
(Na). Thu»— 

Na + HjO = NaHO -f H. 
(2.) I^m steam oyer red-hot iron (Fe) in a gun barreL 
Thus— 

4H,0 -f 3Fe = FejO^ -f 8H. 

Ferrous-ferric oxide (Fefi.) remains. 
(3.) From sulphuric acid (H^SOJ diluted and zinc (Zn). 
Thus— 

HaSO, 4- Zn = ZnSO^ -f 2H. 
sulphate of zinc remaining. 
(4.) By electrolysis of water, hydrogen separating at the 
negatiye pole or zincode. 

Test. — ^Hydrogen is not a supporter of combustion, but a 
combustible body. This can be shown by placing a lighted 
taper in a jar of the gas ; the flame of the taper is extingvished^ 
but another flame is observed at the mouth of the jar ; this is 
of a very pale blue colour, possesses little luminosity, but in- 
tense heat, and is produced by the combtution of the hydrogen, 
the result being a few drops of water. 
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Hydrogen with oxygen forms two compounds. 

(1) Hydrogen monoxide, or, water. H,0. 

(2) Hydrogen dioxide, H,0,. 

(1) Htdbooek Mokozids (H,0) Waieb. 

It is found that when hydrogen bams in air, water is formed 
by the onion of the gas wiUi oxygen. In 1781, Cayendish 
showed that two Tolnmes of hydrogen nnite with one Tolnme of 
oxygen to form water. He made a mixture in this proportion 
in a jar, and then passed the gases into a strong yessel famished 
wjth a stop-cook from which the air had been pumped oat. An 
electric spark was passed through two platinum wires melted 
through the glass ; an explosion followed, dew was seen to be 
deposited upon the sides of the vessel, and upon opening the 
stop-cock under water, this liquid rushed in and completely 
filled the whole space originally occupied by the mixed gasee. 
The glass was weighed before and after the explosion, and the 
weight of the gases being known, the weight of the water pro- 
duced was the same as that of the gases which combined. 

The composition of water is determined in two ways : — 

(1) By Stnthesis. 

(2) By Analysis. 

Synthesis, or the placing together of the ingredients, is per- 
formed in the following manner: — A long,accarately graduated, 
glass tube, called a tUdiometer is taken. This is open at one 
end and closed at the other, and through the top of the closed 
end are melted two platinum wires. The tube is filled with 
mercury, and then iuTerted, open end downwards, over a 
trough filled with the same metal. Hydrogen is admitted into 
the tube, and the Tolume measured (say 100 volumes) ; oxygen 
it then allowed to enter (say 75 volumes), and the volume of 
the two mixed gases measured. An electric spark is now passed 
, through the gases by means of the platinum wires ; a flame 
passes down through the gas, showing that combination has 
occurred, and the water produced is deposited as dew upon the 
inside of the tube ; this will only occupy about -^^^ part of the 
bulk of the constituent gases, so its volume may be neglected. 
Upon opening the bottom of the eudiometer, the mercury in the 
tuoe rises, and we find that only 25 volumes of £^s remain, 
which turns out to be pure oxygen. ThuS) 100 volumes of 
hydrogen require exactly 50 volumes of oxygen for their 
complete combustion. By a modification of this experiment, 
it can be shown that the volume of gaseous water occupiea 



exactly 100 Yolmnes; or, two Tolnmes of H nnito -vith 
one of to form two TolnmeB of eteam, hence density of steam 
or weight of one yolnme is 

16 + 2 

-2 9 

AwALTBis, or the splitting np into the constitnents, is per- 
formed as follows :— -A glass vessel is filled with water, acidu- 
lated with snlphnric acid (H^SO^), to assist the conduction of 
electricity ; two test tuhes, also filled with water, are then In- 
yerted into this Tessel over two small platinum plates attached 
to wires passing through a caoutchouc stopper at the bottom of 
the glass. On connecting the plates wi^ the terminals of a 
galvanic battery, an evolution of gas from each is observed : 
that disengaged from the plate in connection with the platinum 
end of the battery is found to be jntre oxygen ; while tnat from 
the plate in connection with the zinc end is pure hydrogen. If the 
tubes be graduated, the volume of the hydrogen is found to be 
very little more than double that of the oxygen, for since O is 
rather more soluble than H, we do not g^t quite the exact pro- 
portions. Oxygen being sixteen times as heavy as hydrogen, 
and these gases combining to form water in the proportions by 
volume of one of the former to two of the latter, we now know 
that the proportions by weight in which these gases exist in 
water must be as sixteen to two. 

Free O and H combine together, when a light is applied, with 
such force that a dangerous explosion occurs from me sudden 
expansion caused by tiie great heat evolved. If a soda-water 
bottle be filled one-third full of 0, and two-thirds witii H, and 
a flame applied to the mouth, the gasea combine with a sudden 
detonation like the report of a pistol. The oxyhydrogen bUno- 
pipe is employed to develop the great heat evolved by the com« 
bination of the two gases. These are contained separately in 
two caoutchouc bags, and are only brought together at the 
point where combination is desired, thus avoiding the danger of 
explosion. The flame thus produced is only slightly luminous, 
but is so intensely hot, that the most difficultly fusible metals, 
such as platinum, are eaetly melted in it ; whilst iron-wire bums 
in the flame with heautifil ecintiUatione, A piece of chalk or 
Hme placed in the flame becomes heated to bright whiteness, and 
emits intense light. 

In nature we find water in three forms : — 

m SoUd as ice. 

(2) Liquid as water. 

(8) Gaseous as steam or vapour. 
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At all temperatures between 0° and 100^ 0, water assumes 
the liquid form; above 100° it entirely takes the gaseous 
(^under'the ordinary atpospheric pressure of 760 mm.) The 
melting point of ice, being a constant temperature, is taken as 
the zero of the centigrade scale ; water may under certain con- 
ditions be cooled below 0° without solidifying ; still, ice can 
never exist at a temperature above 0° 0, In its passage from 
the solid to the liquid state water becomes reduced in volume, 
and on freezing, a sudden expansion (from one volume to 1*099) 
takes place. Observe the splitting of rocks during the winter. 
The water which has penetrated their cracks and crevices 
freezes and widens these openings, and by frequent repetition 
of the process the rock at last is split into pieces. Hollow balls 
of cast iron may easily be split in two by filling them with water, 
closing by a tight-fitting screw, and etposing them to a tem- 
perature below 0® 0. 

In passing from the solid to the liquid state, a given weight 
of water takes up or renders latent just as much heat as would 
suffice to raise the temperature ef the same weight of water 
through 79° ; the latent heat of water is therefore said to be 
seventy-nine thermal units — ^a thermal unit implying the amount 
of keat required to raise a unit weight of water through 1° G. 
When water freezes, the heat of liquidity becomes sensible, A 
similar disappearance of heat occurs with all substances on 
passing from the solid to the liquid form. If we take a hot satu- 
rated solution of Glauber's salts (sodium sulphate) and allow it 
to cool, while it remains undisturbed it retains the liquid form^ 
but if agitated, it at once begins to crystallise, and soon becomes 
a solid mass. If a delicate thermometer be plunged into the 
salt while solidifying, a sudden rise of temperature will be 
noticed. 

Water heated from 0° to 4° contracts, thus forming a re- 
markable exception to the general law, that bodies expand with 
heating and contract on cooling ; on cooling from 4° to 0°, it 
expands again ; above 4°, it follows the ordinary law. Thus we 
say that ihe point of maximum density of water is 4° ; t.e., a 
given bulk of water will weigh more at this temperature than 
at any other. The amount of contraction on heating is but small 
(one volume of water at 4° becoming 1° + 0'00012 at 0°), yet 
its influence up6n nature is most important. Were it not for 
this our climate would be arctic. In the freezing of large 
lakes and rivers, the cold winds gradually cool the surface- 
water which, becoming heavier, sinks, and lighter and warmer 
water rises to its place! This process goes on until the tem- 
perature of the whole mass is reduced to 4°, and then the sur- 



i$M water no longer sinks, since it is always lighter than the 
^deeper water at 4°. Ice is formed only at the top, the mass of 
water retaining a temperature of ^^. If water became heayier 
as it cooled down to the freezjng point, a continoal circulation 
would be kept up until the mass was cooled to 0°, when 
■solidification of the whole would take place. Sea-water rarely, 
if ever, freezes en masse, on account of the great depth of water 
which prevents the whole being cooled down to freezing point. 
When water is heated to 100<* 0, it boils, or enters into ebul- 
lition, ».e., steam is disengaged from the most heated surface* 
Daring this process, a large quantity of heat becomes latent, 
imd the latent heat of steam is said to be 536 thermal units. When 
water passes into the gaseous state or evaporates, heat is ab- 
sorbed, and so much heat may be thus abstracted from water, 
that we may cause it to freeze by its own evaporation. Water 
possesses the power of rising in vapour at all temperatures, and 
this power is called the elastic foree, or tension, of aqueous 
vapour. Again, water boils when the tension of its vapour is 
-equal to the superincumbent atmospheric pressure. On tops of 
mountains water boils at a temperature below 100^ 0, because 
the atmospheric pressure is less than at the sea level. 

To obtain pure water, we are obliged to distil river or spring 
water ; that is, we boil the water and collect the fluid formed by 
the condensation of the steam produced. Thus the solid matters 
are left behind. Rain water is the purest form of water in 
nature, but even this may contain impurities. Sea-water 
■contains about thirty-five parts of solid matter (twenty-eight 
parts consisting of sodium chloride or common salt) in solution, 
in 1,000 parts of water. Most salts are more or less soluble in 
water, and crystallise upon the evaporation of the fluid. The 
■solubility of salts is generally greater in hot water than in cold. 

Water of erystaUisation, is the water which is necessary for 
the preservation of the crystalline form of certain salts, and, 
upon the driving off of which by heat, the crystals fall to pow- 
4er. The amount of this water varies in different cases : — 

Thus, we have 

Sulphate of iron FeSO. + 7HjO 

Sulphate of magnesia MgSO^ + TH^O 

Sulphate of zinc ZnSO^ + 7E,fi 
Whilst— 

Sulphate of copper is OuSO^ + SHfi 
And— 

Snlphate of manganese MnSO^ + 5H,0. 
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If a saline compound absorb water from the atmosphere, it is- 
termed ddiqueacenty as acetate of potash (KO^H.Ol') ; if nnder 
the same circumstances it loses water, it is called efflorescent^ 
as in the case of phosphate of soda (Na^HPO^ + l^H^O). 

(2.) Htdbookn Dioxidb (H^O,). Hydroxyl. 

Description and properties. — A liquid of syrupy consistence 
and very unstsble ; does not occur in nature. Possesses power- 
ful oxidising properties, bleaches a solution of litmus, and has 
a somewhat metallic taste. It has of late years been used as a 
test for bloodstains, since with freshly-prepared tincture of 
guaiacum and blood it strikes a blue colour. 

Preparation, — (1.) Prom barium dioxide (BaOj) and hydro- 
chloric acid (HGl). 

BaOa + 2HC1 = Ba01« -f- H3O, 
Barium chloride and hydrogen dioxide are formed. 
(2.) By passing carbonic acid gas (GO,) through barium, 
dioxide (BaO,) suspended in water. 

BaOj + HjO + 00, = BaOOj -[- HjOj^ 

Barium carbonate separates out as a white powder, insoluble 
in water, and H^O, remains in solution; upon bringing- 
this substance into contact with ozone, common oxygen and 
water are produced. If silver oxide be brought in contact with 
HgO, metallic silver is produced, together with water and com- 
mon oxygen. 

NITROGEN. 
Symbol, N. Oombining weight, 14. Density, 14. 

Description. — A gas ; properties, negative, viz. : colourless,, 
tasteless, inodorous, neither supporting combustion ; nor com- 
bustible ; not poisonous ; animals placed in nitrogen die from 
oxygen starvation, hence the name azotSy by which it is some- 
times designated. Slightly lighter than air. Specific g^Tftvity^ 
0'972, air being 1*0. A triad element replacing three monads,. 

as in the case of anmionia, N •< H Does not readily combine 

with other bodies. 

Sources, — Exists free in the atmosphere, of which it consti- 
tutes four- fifths by bulk ; occurs in combination in the bodies 
of animals, in manyplants, and in chemical compounds, as nitre- 
(nitrateof potash KNO3), whence its name(mtre generator^ 
Also in some mineral waters. 
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Preparation, — (1) By barning phosphoms (P) in a bell-jftr 
filled with air, the mouth of which is placed in a veBsel full of 
water ; white fumes at first fill the jar, consisting of phosphoms 
pentoxide (P^O^, and as these subside and dissolye in the water 
beneath, the nitrogen is left nearly pure. 

^2) By passing air over red-hot metallic copper (Cu) ; cuprio 
oxide (GuO) is formed, and nitrogen is set free. 

(3) By passing chlorine (Gl) through exee98 of ammonia 
(NHj). Thus— 

601 + 2NH3 = 6HC1 + 2N. 
Hydrochloric acid remains in solution, and nitrogen is giyen. 
off. If the chlorine be in excess, a most explosiye oily com- 
pound is formed, called chloride of nitrogen (NOI3 ?) 

(4) By heating the nitrite of ammonium (NH^NO,). Thus — 

NH,NOa + heat = 2H3O + 2N. 

Compounds op Nitrooen with Htdbooek. 

Ammonia. 
Symbol, NH,. Molecular weight, 17. Density, 8*5. 

Description, — The only (separable) compound of N with H» 
A gas; colourless, irrespirable, with odour of "hartshorn"; 
lighter than air, specific g^vity 0*59 (air = 1), The volatile 
a&ali ; Tery soluble in H^O, and capable of being liquefied. 

Sources and Preparation, — Is produced in decay, and in com- 
bustion, where bodies contain N and H, and to some extent in 
respiration. Ghiefiy obtained from the decomposition of animal 
and Tegetable matters containing nitrogen and hydrogen, either 
at the ordinary temperature or by the influence of heat. By 
heating horns, dippmg of hides, or coal, ammonia is given ofiF, 
hence known (in tiie first mode) as spirits of hartshorn, A 
compound called Sal-ammoniac (NH4GI), or chloride of am- 
monium, was first prepared by the Arabs by hdating camels'' 
dung in the Deserts of Libya, near the Temple of Jupiter 
Ammon (whence the no me ammonia). The dried excrement of 
sea-birds (guano) and the urine of animals contain considerable- 
quantities of NH,. 

The great source of ammonia and its compounds at the 
present time is the ammoniacal liquor of the gas-works. The 
mode of preparation is the following : — 

(a) Hydrochloric acid (HGl) is added to the ammoniacar 
liquor, forming chloride of ammonium (NH3HGI). 

(b) Slaked lime is added (GaH,0.). Thus^ 

2NH^C1 + Ca H,0, = CaClj, -f- 2H,0 -f- 2NH,. 
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Ammonia may also be prepared by the action of nitrie acid 
(HNO3) upon metallic zinc (Zn). Thus— 

9HNO3 H- 4Zn = 4(Zn 2X0,) 4- ZUfi -f NH,. 
The gas may be collected by displacement, the neck of the re- 
ceiver being turned downwards, or it may be collected over 
mercnry, but not oyer water on account of its extreme solubility. 

Tests,-^!) Possesses a strong dOcaline reaction. 

(2) Its solution turns red vegetable colours blue, 

(3) Gives white fumes when placed near any mineral acid, 
such as nitric (UNO,), hydrochloric (HOI), or sulphuric 
{H3SO4). The most striking reactions are the 

(4) Deep sapphire blue colour, produced when an excess of 
liquor ammonisd is added to a solution of a salt of copper^ and 

(5) The white precipitate of hydr&rgyrum ammoniatum 
(NH^HgGl) when liquor ammonisB is added to corrosive subli- 
mate (HgOl,). 

COHFOUNDB OP NITBOOEN WITH OXTOBN. 

Five in number, viz : — 

(1) Nitrogen monoxide^ nitrous oxide, or laughing gas^ N^O. 
^2) Nitrogen dioxide, or nitric oxide NO or NjO^ 

(8) Nitrogen trioxide, or nitrous anhydride, NjO,. 

(4) Nitrogen tetroxide, or hyponitric acid, NOj or NjO^. 

(6) Nitrogen pentoxide, or nitric anhydride, ^fisr 
Here we have a striking instance of the law of chemical con- 

ifination in multiple proportion. 

In these compounds the is in the proportion of the num- 
bers 1, 2, 3, 4, 5 to one and the same quantity of N. While 28 
parts by weight of N, combined with 16 of 0, form 44 parts 
•of nitrogen^ monoxide, we see that any other compounds of 
those elements contain some simple multiple of 16 parts by 
weight of 0, either 2 X 16, 8 X 16, 4 X 16, or 5 X 16, and that 
no compounds exist containing any intermediate quantity of O. 

N and do not readily combine together, but may be made 
to do so under certain circumstances. Suppose a series of electric 
sparks to be passed through a vessel full of dry air, red coloured 
vapours having a peculiar acrid smfiiU are soon noticed; these 
consist of frt- and tetr-oxides of nitrogen. They have the 
power, like ozone, of liberating iodine from potassium idodide, 
And can thus be made to colour starch blue, 

NiTBOoxN Monoxide, Nitbous Oxide. 

Symbol, N,0. Molecular weight, 44. Density, 22. 

Description. — A gas; colourless, inodorous, with a slightly 
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sweetiBh taste. Respirable for a time, capable of liqnefaotion, 
and somewhat Bolable in water. Supports combostlori nearly 
as well as oxygen. Specific gravity (air being 1) is 1*527. 

Preparation. — (1) By heating ammoninm nitrate (NH^NO,). 
Thus-^ 

NH^NO, + heat = 2H,0 + N,0. 

(2) By the action of metallic zinc (Zn) upon dilate nitrio 
acid(HN03). Thus— 

IOHNO3 + *Zn + H,0 = 4Zn 2N0, + 6H,0 -f N»0. 
Nitrate of zinc, water, and nitrous oxide are formed. This gas 
is best collected over warm, water. 

Tetts, — (1) A glowing chip of wood plunged into nitrous 
oxide is r^indUd, burning with a brighter flame than in air. 

^ (2) Phosphorus bums in this gas with nearly as bright a 
lignt as in oxygen. 

(3) The feeble flame of sulphur is extinguished, but when 
htrning strongly yields a bright light, 

(4) When inhaled a peculiar exhilarating effect is produced, 
hence the name *' laughing gas." 

NiTBOGEN Dioxide. Nitric Oxide. 
Symbol, N^O, or NO. Molecular weight, 30. Density, 15. 

Description and Tests, — A gas ; colourless, and irrespirable ; 
has never been condensed to a liquid ; does not easily sup- 
port combustion (ignited phosphorus, unless burning brightly, 
being extinguished on being placed in nitric oxide). In con- 
tact with oxygen it immediately forms red fumes, consisting of 
the higher oxides of nitrogen. Specific gravity (air being 1) 
is 1-038. 

Preparation, — (1) By the action of nitric acid (HNO3) upon 
copper turnings (Ou). Thus — 

SCu H- 8HNO3 = 8(Cu2N03) -f ^ILjS-\- N^Oj. 
Nitrate of copper, water, and nitric oxide are formed. 

(2) By nitric acid upon metallic mercury (Hg). Thus — 
3Hg 4- 8HNO3 = 3(Hg2N03) + 4H,0 + N^O,. 
Nitrate of mercury, water, and nitric oxide are formed. 

Ntbogbn Tbiozide. Nitrous Anhydride. 

Symbol, NjOy Molecular weight, 76. Density, 38. 

Description and Tests, — A gas, of an oranae red colour at or- 
dinary temperatures, but at — 18° a blue volatile liquid. 
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emitting a red and irritating vapour. With water it forms. 
fdtraut acid (HNO J. Thn»— 

N,0, + HjO = H,N,0, or 2HN0a. 
(HNO, is a very nnstaUe sabstance, decomposing, when the 
water is warmed, into nitric acid and nitric oxide. Thus— 

3HN0, = HjO + N,0, + HNO,). 
Nitrons acid gives riserto salts calltd nitrites. Thns, with am- 
monia, we have (NH^NO,) nitrite of ammonia, 

Pr^aration.—(l) By mixing 4 volumes of dry NjO, with 1 
▼oinme of 0, and cooling the mixture to — 18^ 0. Thi 



N,0,+ = N,03. 
(2) By the action of nitric acid (HNO,) and H,0 npon 
arsenions anhydride (As,0,). Thns — 

ASjO, + 2HN0, -f '2H3O = 2H,As0^ + N3O,. 
Arsenic acid and nitrogen trioxide are formed. 

KiTBOOBN TbTBOXIDE. HTFONITiaC ACIB; 

Symbol, NjO^ or NO,. Molecnlar weight, 46. Density, 23. 

Description and Tests. — A gas; of an orange red colonr; 
liquid under pressure; has a suffocating odour ; poisonous (if 
breathed in only small quantity producing inflammation of the 
Inngs) ; solidifles at — 9^ in long prisms. The chief re- 
sultant in air from decomposed nitric acid. 

Preparation,— By heating the nitrate of lead (Pb2N0,). 
Thus— 

Pb2N0, + toat = PbO + + N,0^. 
Oxide of lead, oxygen, and nitrogen tetroxide are formed. 
(By water NJCK is decomposed into nitric acid (HNO,) and 
nitric oxide (N,0,). Thus— 

3N,0, + 2H,0 = 4HNO3 + N,0,). 

NiTBOOEN PB2nX>XII>B. NlTBIO ANHYDRIDE. 

Symbol, N,0g. Molecular weight, 54. Density, 27. 

Description and Preparation. — A white crystalline substance ; 
in brilliant right rhombic prisms. Prepared by passing dry 
chlorine gas (01) over nitrate of silver (AgNO,). Thus — 

1st Stage.— XgNO^ + 201 = AgOl + O + NO,0L 

Chloride of silver, oxygen, and a yellow liquid called nitroxyl 
chloride are formed. 

2nd Stage^AgSO^ + N0,C1 = AgOl + N,0,. 
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mtnte of silver and nitroxl chloride form obloride of silTer 
and nitrogen pentoxide. This substance (N.O.) very easily de» 
•composes, and unites with great energy with H^O. Thus-^ 

NjOj + Hj,0 = ByTjO, or 2HN08; forming 

KiTBIO AoiD. 

Symbol, HNO,. Molecular weight, 68. 

DeseriptiotL — A fuming, corrosive, colourless liquid, with 
strongly acrid odour, and intensely acid taste. Entirely vola- 
lized by heat. Specific gravity 1'517, A monobasic acid. 

Sources. — Both kingdoms of nature; generally with potsah, 
soda, Hme, and magnesia, as nitrates. These are found in 
various parts of the world on the surface of the earth, and in 
some mineral waters, and are frequent constituents of veget- 
able juices. 

Preparation, — (1) By the action of sulphuric acid fELfiO^^ 
upon sodium nitrate (NaNO,). Thus— 

NaNO, + HjSO, = NaHSO^ + HNOj. 

Sodium-hydrogen sulphate remains in the retort, and nitric 
acid distils over into a receiver. 

(2) By the action of sulphuric acid upon potassiam nitrate 
(KNO^. Thus— 

KNO, + H,SO, = KHSO^ + HNO,. 
Potassium-hydrogen sulphate remains behind. 

Tests, — For the concentrated acid (HNOy) 

(1) Stains the sldn yellow, iormmg picrtc or carhazotic acid, 

(2) Turns morphia and brucia rea. 

(3) In the presence of hydrochloric acid dissolves gold leaf, 

(4) Gives off ruddy brown fumes with metals, as copper, 
mercury, silver, &c, 

(5) Gives white fumes with the vapour of ammonia. 

(6) Bleaches a solution of indigo. 

For the dilute acid, or a nitrate. 

Upon the addition of a green crystal of sulphate of iron with 
a drop or two of strong siUphuric acid, the crystal is turned to 
a red brown colour. 

Nitric acid forms salts called nitrates. They are all soluble 
in H3O, and deflagrate upon charcoal. 

Action on the tnetals.--Go\d, jp\a,tinum, ferrum( iron) and alu- 
minum are unattacked by HNO3. Tin (stannum Sn) is oxidised 
to meta-stannic acid (HjSdjOu + 4iRfl), Antimony (stibium 
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8b) to antimonio acid (HSbO,), both uiBolnble In H,0, Oopper 
(On) Ib oonTorted into soluble cnpri'o nitrate (0a2N0f)» 
Mercury (Hg) into merourous nitrate (HgNO,) and merourie 
nitrate (Hg2N0,). SUver (Ag) into argentum nitrate (AgNO^. 
Zinc (Zn) into zmo nitrate (Zi2}^0^ 

THE ATMOSPHERE 

Is the gaseous envelope of the earth, and forms the ooean of 
air at the bottom of which we live. The average oompositioD 
of air may be said to be the following : — 

100 Tolumes of air contain — 

Oxygen 20*6 Tolumes. 

Nitrogen 77*9 „ 

Carbonic acid 0*04 „ 

Aqueous yapour (about) 1*46 „ 

Ammonia «, traces.' 
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Since the last three ingredients are present in small and 
Tariable proportion, they are generally separated first in an 
analysis of air. 

Of carbonic add, there are present from 4 to 6 volumes in 
10,000 of air. The proportion of ozone is various, but ia 
greater in the country than in town. To detect the carbonic 
acid, we expose a vessel containing lime-water to the open air. 
The lime-water soon becomes turbid, from the formation of in» 
soluble carbonate of lime. 

The amount of aqueous vapour is dependent for the most 
part upon temperature, and varies with latitude, season, and 
region, &c. 

The quantity of ammonia in the form of carbonate and 
nitrate is smiJi, being about 1 part in 1,000,000 of air: its 
presence can only be shown by acting upon large quantities 
of air. 

Oxygen may be proved to exist in the air, by combustible 
bodies being converted into oxides when made to bum in it. 
Thus, by burning hydrogen (H) we have water (H.0) formed. 

The existence of nitrogen is demonstrated by tne result of 
combustion in confined portions of air, as has been shown pre* 
viously in the section on preparing this gas. 

The pressure of the atmosphere is observed when we remove 
the air from beneath the hand by an air pump; we then find 
that the hand is pressed down with a force equal to nearly 
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151b8. on every square inch. From this it is evident that the 
human body must consequently support several totUy but nnder 
ordinary circumstances this pressure is not perceptible, sino» 
it is exerted equally in every direction* 

To measure the pressure of the air we make nse of 

The Baboxbtbb, 

This consists in the simplest form of a straight glass tuhCy 
about 800 millimetres (88 inches) in length, open at one end, 
and closed at the other. It is filled witib mercury, and placed 
open end downwards in a vessel containing the same metal. 
The mercury then sinks in the tube to a point about 760 milli- 
metres (82 inches) from the surface of the mercury in the 
vessel. In this position it is sustained by the force exerted by 
the air. As this pressure increases, the height of the mercurial 
column becomes greater ; as it diminishes, so does the column 
fall. In order to. compare the bulk of two gases, they must 
always be compared under like conditions of pressure and tem- 
perature ; it is, therefore, agi^ed to compare all the volumes of 
gases at the standard pressure of 760 millimetres of mercuryy. 
and at the standard temperature of 0° 0. It is difficult to say 
where the air exactly ceases, but it seems that the limit 
is about 45 miles from the level of the sea. Of course, the at- 
mosphere, having weight and elasticity, its lower layers must 
be more compressed than those above them ; but if the whole 
atmosphere were throughout of the same density, it would only 
reach to a height a little more than 5 miles above the sea 
level. 

As to the chemical composition of the atmosphere, it mnst be 
borne in mind that the air is not a chemical compound, but a 
mechanical mixture of its constituents. This conclusion is 
arrived at on the following grounds : — 

(1) If O and N are brought together in the proportions in 
wmch they are found in air, no elevation of temperature, and no 
alteration in bulk takes place (as is the case when gases com- 
bine chemically), and still the mixture acts exactly like air. 

(2) The relative quantities of the two gases are not those of 
their combining weights, nor of any simple multiples of these 
weights, 

(8) Although in general the proportions of the two gases are 
constant, instances not unfrequently occur in which this ratio 
differs from the ordinary one. 

(4) When air is shaken up with water, some of it is dissolved, 
but can be easily expelled by boiling ; upon analysis this ex- 
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^Ued air is fonnd to eonsist of oxygen and nitrogen in the re- 
lative proportions of 1 to 1*87. It wonld have been quite 
impoanble to decompose the air by simply shaking it np witii 
water if it had been a chemical compound ; the compound would 
have dissolved as a whoUf and upon analysis, the air expelled by 
boiling wonld have consisted of oxygen and nitrogen as 1 to 4^ 
the proportions of the original air. 

The air is therefore only a mixture, since a laiger amount 
of is dissolved than corresponds to that contained in the at- 
mosphere, a fact due to the greater solubility in water of oxy- 
gen over nitrogen. 

The best method of determining the amounts by volume of 
O and N contained in the air is by the eudiometer (eudia, clear 
weather ; metron^ a measure ; a measure of the clearness or purity 
<of the air, ybL, what quantity of oxygen it contains). The 
same arrangement is used as in the eudiometric synthesis of 
water. Into the tube, previously filled with mercury, air is in- 
troduced in sufficient quantity to fill it about one-sixth full. 
We can accurately ascertain the volume of this air by reading 
off the number of millimetre divisions on the tube to which the 
mercury reaches. 

A quantity of pure hydrogen, more than sufficient to com- 
bine with all the oxygen present is now added, and the volume 
•of this gas detennined. An electric spark is now passed through 
the mixture, and after the explosion the volume is determined as 
before. This is found to be less than before explosion, water 
liaving been formed by the union of the whole of the oxygen 
with part of the hydrogen. We already know that 2 volumes 
of H unite with exactly 1 volume of to form H,0 (water) ; 
then one-third of the diminution in volume represents the O 
that has disappeared, and therefore the volume of contained 
in the air taken. Now suppose the volume of air amounted to 
100 volumes, and after the addition of the hydrogen the volume 
of the mixture was 150 volumes. After explosion we find 87 
volumes remain, therefore 63 volumes have disappeared. Then 
the volume of contained in 100 vol^^ies of air is 

68 

The most careful analyses of air collected in various parts of 
ihe globe have sho¥m that the relative quantities of and N 
remain the same, or nearly the same, from whatever region ob- 
tained. Whether from the depths of mines, from 20,000 feet 
Above the surface of the eartl^ from the Arct^ seas, or from 
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iihe tropics, the air contains from 209 to 21 yolximes of oxygen 
per cent. 

The composition of air by yolnme, and the relatiye densities 
^f the constitnent gases (N = 14 ; = 16) being known, its 
composition by weight can be calculated. Thns, in 100 grams 
of air, we find that 76-84 grams of N are mixed with 23*16 
grams of 0, and the mean of a large number of experiments 
^shows that 100 parts by weight of air contain 77 parts by 
weight of N and 28 of 0. 

CARBON. 

Symbol, 0. Combining weight, 12. 

Description. — A solid element. A tetrad replacing 4 atoms 
•of monad hydrogen as shown in the composition of marsh 

rH 

.:gas C •< ^ and existing in 3 << allotropio " modifications, viz. : — 
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1) The diamond. 

'2) Graphite, plumbago, or, black lead. 
(3) Charcoal, lamp-black, or, amorphous carbon. 

Thb Diamond. 



The purest form of carbon, and the hardest gem known ; can 
1)0 entirely converted into carbonic dioxide (CO,) by combus- 
tion in 0. By intense heat, in absence of air, it is reduced to a 
<coke-like substance. The specific gravity varies from 8*3 to 
■3*5. It crystallizes in cubes and octahedra, and is insoluble in 
all media, and infusible. Is largely used for glass-cutting, and 
is cut into various forms by its own dust. The mode ii^ which 
-the diamond has been formed is utterly unknown. 

GSAFHITB, OR, PLUMBAGO. 

A black metallic-looking substance, hence the name black- 
lead ; leaving a greasy stain when drawn upon paper. Crystal- 
lizes in 6-sided plates, bearing no relation to the form of the 
diamond. Sp. gr. 2*18 to 2*38. Is much used for the manufac- 
ture of pencils. 

Chascoal, OB, Amorphous Carbon. 

Is the light-giving principle of fiame. The purest form 
of charcoal-carbon is lamp-black. It also occurs as 
wood charcoal, coal, coke, and animal charcoal. Much 
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lighter than the other forms. Sp. gr. varying from 1*6 to 2*0. 
A piece of charcoal floats npon water in consequence of it9- 
porosity, bnt if finely powdered it instantly sinks. It is a great 
absorbent of gases and colonring matters, and is nsed as a 
disinfectant in hospitals, Ac. Carbo lignij wood charcoal^ is ob- 
tained from wood charred by exposure to a red heat^ without 
access of air. 

OOHFOUNDB OP CaBBON WITH OXTOEN. 

two in number, viz : — 
(1^ Carbon monoxide, or carbonic oxide, CO. 
(2) Carbon dioxide, or carbonic anhydride, CO,. 

Cabbon Monoxide. 

Symbol, 00. Molecular weight, 28. Density, 14. 

DeacriptiojL — A gas, not occurring naturally, but artificially 
produced. Colourless, with slightly oppressive odour; ha& 
never been liquefied. Very poisonous. Does not support com- 
bustion, but burTia with a tight blue flame, forming carbonic 
anhydride (OOJ. Sp. gr. (air = 1) is 0-969. Very slightly 
soluble in H,0. 

Preparation, — (1) By passing carbonic anhydride (00^ over 
red-hot charcoal (0). Thus — 

COa 4- = 200. 

(2) By heating oxalic acid (H^C^OJ with sulphuric acid. 
(H^SO^ Thus — 

HjO^O^ H- HjSO^ = H,SO^, H^O •\- 00, -f CO. 
The sulphuric acid aostracts the elements of water (H^O) ; th& 
carbonic anhydride and carbon monoxide are evolved as gases^ 
and are collected in a long cylindrical tube ; upon shaking up 
lime water (CaH,0,) in the tube, carbonate of lime (CaCO,) i». 
formed, and carbon monoxide left. 

(3) By heating zinc (Zn; and chalk (CaCO,) to redness in a 
gun-barrel. Thus — 

Zn 4- OaCOg = Zn + CaO + CO, 
oxide of zinc, lime, and carbon monoxide are formed. 

(4) By heating carbonic anhydride (CO,) and hydrogen. 
Thus— 

CO, -}- 2H = H,0 -}- CO. 

(5) By heating forrocyanide of potassium (E^FeC^Ng, SH,0) 
with sulphuric acid (H,SO J and water (H,0). Thus — 

K,FeCaN., 3H,0 + 8H,0 + 6H,S0, = 2K,S0, 
+ FeSO, + 8(NH0, SO, -h 600, 
Sulphate of potash, sulphate of iron, sulphate of ammonia, and 

carbon monoxide are formed. 
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(2) Oabbon Dioxidb, Oabbokio Anbtdbide. 

Symbol, CO, Molecular weight, 44. Density, 22. 

JDeseription. — ^A gas; colonrless, inodorous, with a slightly 
acid taste. Tolerably soluble in water ; neither combustible 
nor supporting combustion. Liquid under pressure, and solid 
by spontaneous evaporation, forming snow-white flakes. Con- 
stitutes the *' choke damp*' and '< after damp" of mines; 
specific gravity 1*529. 

Sources, — Occurs free in the air, and in the waters of many 
mineral springs. Is evolved from the craters of active volca- 
noes. Is given off in the processes of fermentation, respiration, 
combustion, decay, putrefaction, and germination. Wlien a 
room contahis 0*10 per cent, of CO, it is unfit for continued 
respiration. Combined with lime and magnesia, carbon dioxide 
occurs plentifully in nature. 

Its s^ts are called carbonates, and are mostly insoluble. 

Preparation, — (1) By heating calcium carbonate (GaCO,) to 
redness. Thus — 

GaCOg 4- red heat = CaO + CO,. 

(2) By the action oif a mineral acid, as hydrochloric acid 
(HCl)upon CaOO.. Thus— 

CaCO, + 2H01 = OaOl, + H^O + 00^, 
Chloride of calcium, water and carbonic anhydride are 

formed. 

(3) Charcoal bums in oxygen to GO,. 

Carbonic anhydride (COj + H,0 = Carbonic acid (HaOOy) 

COMPOUNDS OF CARBON WITH HYDROGEN. 

These are very numerous, and exist in gaseous, liquid, and 
solid forms. For the present we shall only deal with three of the 
simplest, leaving the remainder for consideration under Or- 
ganic Chemistry. 

(1) Methyl Hydride, Methylene, Light Carburetted Hydro- 
gen, or Marsh Oas, CH^. 

(2) Acetylene QMy 

(3) Ethylene, Heavy Carburetted hydrogen, or defiant 
Gas, CJH^. 

Methyl Htdbide, Mabsh Gas. 

Symbol, CH^. Molecular weight, 16. Density, 8. 

Description and Sources. — A gas ; colourless, inodorous, and 
tasteless ; never liquefied. Known as " Firedamp " in coal 
mines. Produced in stagnant pools by the decomposition of 

c2 
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dead leaves (hence its name, marsh-gaa). A eonstitnent of 
coal gas, and evolyed in volcanic districts. 

Preparation, — ^It cannot be prepared by direct union of its 
elements, bnt is produced in the following modes : — 

(1) From acetate of sodiun (ShOjUfi^ -when heated with 
caustic soda (NaHO). Thus — 

NaOjajOa + NaHO=Na.CO, + CH„ 
Carbonate of soda and marsh gas are formed, 

(2) By passing a mixture of carbon disulphide vapour (GS«) 
and sulphuretted hydrogen (H^S) over red-hot copper (Go). 
Thus— 

80u + OSj + 2H,S=4CuaS + CH» 
Ouprous sulphide and marsh gas result. 
This gas bums with a btueish-yellow non-haninotts flame^ 
forming carbon dioxide and water. When mixed with 10 
times its volume of air, or twice its volume o/*0, it explo,de8 sud- 
denly and violently upon ignition. 

ACBTTLENB. 

Symbol, CJEL^. 

Is formed by the direct union of carbon and hydrogen, 
at a very high temperature. It is a colourless gas, 
burning with a bright luminous flame, and having a pecidiar 
disagreeable odour which may be noticed when a candle bums 
with a smoky flame. It combines with certain metals, as cop- 
per and silver, and these compounds very easily decompose 
with explosion. GJB^ unites directly with hydrogen to form 

EXHTLENBi. 

Symbol, OjH^. Combining weight, 28. Density, 14. 

Description and /Sources. — A gas ; colourless, with a sweetish 
taste ; has been condensed by high pressure and a temperature 
of— 110° to a colourless liquid. It is an important constituent 
of coal gas, and bums with a smoky luminous flame, forming 
carbon dioxide and water. Detonates powerfully when mixed 
with three times its bulk of and fired. It is called defiant gas 
because it combines directly with its own volume of chlorine 
gas (01) to form an oily liquid OaH^Clj (Chloride of Ethylene.) 

Preparation, — (1) by the destructive distillation of coaL 
(2) By heating alcohol (CjH.O) with sulphuric acid (HoSO ) 
Thus— ' ^ 

OaH.0 4- H3S0,=H,S0„ H,0 + 0,H,. 
The sulphuric acid] abstracts the elements of water and C H 

is evolved as a gas. * * 
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COAL GAS. 

In order to prepare this gas, the coal is heated in a [closed 
retort. 
The resnlts of this heating are — 

(VS Volatile bodies formed and expelled. 

(2) A residne of impure carbon left as coke. 

The volatile products are tar, ammonia, water, and gas. 
The tar yields substance from which the aniline colours are 
produced. 

The ammonia is the chief source of the canmontacal salts. 

The gas consists of (1) luminous and (2) nou'luminous hydrO' 
carbons. 

The luminous gases are olefiant gas (C^H^) and other hydro- 
carbons haying an analogous composition, as OgHg and O^Hg, 
CsHjo, &c. 

The non-luminous gases are hydrogen CH,) carbonic Oxide 
(GO^ and marsh gas (GH^.) 

The impurities are carbon dioxide (00^), sulphuretted hydro- 
gen (HjS), and the vapour of carbon disulphide (OSJ. 

THE STRUCTURE OF FLAME. 

Flame is gas highly ignited. The hottest flames do not 
necessarily £^ye off much light. Luminosity depends upon the 
presence of solid matter which becomes heated to whiteness. 
In a burning candle the flame presents three separate parts. 

(Vs The dark central zone of unbumt gas around the wick ; 

^25 The luminous zone of incomplete combustion ; 

(3) The noiv-lvminous zone of complete combustion. 
The blow-pipe flame can be divided into two parts : 

^1^ The Oxidizing or outer flame with excess of oxygen, and 
(2) The Medudng or inner flame with excess of carbon. 

THE DAVY LAMP. 

A certain temperature is required to inflame every mix- 
tore of gases ; until this temperature is attained the mix- 
ture will not tafce fire. A flame may be cooled sufficiently to 
put it out by placinff a coil of cold copper wire over it, but if 
the coil be previously heated, the flame continues to bum. If 
* piece of wire gauze containing about 700 meshes to the 
square inch be held close over a jet of gas, and the gas lighted 
-we may remove the gauze several inches above the jet, and 
the inflammable gas does not take fire below, the flame burning 
only above the gauze. The heat is so quickly conducted away 
by the wires tluit the temperature of the gas at the lower side 
of ^e gauze is not raised sufficiently high to produce ignition. 
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Upon this principle Sir Humphry Dary conBtmoted his safety 
lamp. Thus— > 

An oil lamp is enclosed in a wire ganze coyering; air 
can pass through the meshes of the gauze, and the pro* 
ducts of combustion of the oil can escape, but still no flame 
can proceed from the inside to the outside of the gauze ; if 
the lamp be placed in a most inflammable mixture of air and 
firedamp, immediate ignition extemallv is not possible, although 
the mixture takes fire and bums insiae the gauze. Of course, 
after a time, when the gauze becomes oyer heated, the sur- 
rounding firedamp may attain the temperature requisite for ita 
ignition. 

GABBON with NlTBOGElf. 

Forms only one compound, yiz.: 

Ctanooek. 

Symbol, GN (sometimes Gy). Molecular weight, 26.] 
Description, — ^A gas ; colourless, poisonous, with an odour of 
peach blossoms. Specific grayity 1'806. Does not support 
combustion, but humt with a rose-eoloured flame^ forming car- 
bon dioxide and free nitrogen. Gombines with metals to form 
cyanides. Belongs to a class of bodies called compound radieals^ 
and is monobasic, replacing ono atom of monad hydrogen, as 
shown in the composition of prussic acid, H/GN. Has been 
condensed to a colourless liquid. 

Preparation. — By heating a metallic cyanide, such as cyanide 
of mercury (HgGgN, or HgGy,), metallic mercury and a black 
substance (paracyanogen) are left, and cyanogen gas is giyen 
off. It is best collected oyer mercury, since water dissolyes 4 
times its bulk of the gas. 

Garbon and nitrogen do not unite together, but by passing 
N oyer a white-hot mixture of charcoal (G) and carbonate of 
potash (EjGG,) we obtain cyanide of potassium (EGN). Thus — 
K,00, + 2N + 4G=8GO + 2KGN. 

From this EGN can be prepared a number of bodies, all 
containing GN, and possessing peculiar properties. The name 
cyanogen is giyen to this group on account of its forming with 
iron some blue compounds (huanos, blue, and gennao^ I produce). 

A compound of cyanogen with iron and potassium called 
Ferrocyanide of Potassium (E.Fe Gy^, SHfi) or Yellow Pms- 
siate of Potash is prepared by heating together horns and hoofs 
and clippings of hides in an iron pot with carbonate of potash. 
By passing chlorine gas through A^FeGy,, 3H,0 we obtain 
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Ferricyanide of Potassium (KjFeOy,) or Red PruBsiate of 
Potash. Thns — 

K^FeCy., 3Hj,0 + C1=K01 + SHjO + K,FeOyj. 

This latter salt gives no special precipitate with persalts of 
iron, bnt yields a dark blue precipitate with the protosalts of 
rthat metal. 

The Cohpoukd of Ctanogbn with Htdrooek is 
. Htdboctanig OS Pbussic Acid. 

Symbol, HON or HOy. Molecnlar weight, 27. 

Description. — In the anhydrous or nndilnted state this snb- 
stance is a colourless, limpid, volatile liquid. Specific gravity 
O.7058 at 50C, boiling at 26o. Feebly acid, with odour of 
peach blossoms or bitter-almond oil. Dreadfully poisonous, 
^inhalation even in small quantities producing giddiness and 
headache. It occurs in small quantities in some kernels and 
Jleaves of the orders AmygdalesB and Pomeso. 

Preparation, — (1) By acting upon cyanide of potassium (KGN) 
^ith dilute sulphuric acid (HjSO J. Thus— 

2K0N + H,SO^ + Hfi=K^SO, + H^O + 2H0N, 

Sulphate of potash, water, and prussic acid are formed. 

(2) By passing sulphuretted hydrogen gas (H^S) over dry 
^mercuric cyanide (HgO^Nj). Thus — 

HgO^N, + HjSrrrHgS + 2H0N, 

Mercuric sulphide and prussic acid result. 

(3) By the addition of sulphuric acid (H^OJ to Ferrocy- 
•anide of Potasium (K^FeCyj, 3HaO). Thus— 

2KJFeCjf^ SHjO + 33,80^ = KJFefij^ + SKjSO^ 

+ 6HjO + 6HCy, 
Everitt's yellow salt, sulphate of potash, water and prussic 

acid are formed. 
Tests.^ 

(1) Its odour and volatility. 

(2) The formation of the white cyanide of silver upon the 
:addition of a solution of nitrate of silver (AgNO,). Thus^> 

AgNO, + HOy = END, + AgOy, 
Nitric acid and cyanide of silver are formed. 
This cyanide of silver has the following characters : — 
(a) It is soluble in boilinff strong nitric aeid. 
(6) When heated it gives off cyanogen gas which, upon the 
•.application of a light, Dums with a rose'coloured flame. 
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(3) The formation of Prussian blue ive^ (FeCy«)3 + 18H,0^ 

by the f oUowmg method : — 

Liquor Potasss (KHO) is added to the pmssic acid (HCy)" 
forming cyanide of potassiam (KOy); then a proto-and per- 
salt of iron are added ; this is followed by the formation of a 
proto-and per-cyanide of iron ; but Prussian blue cannot exist 
in the presence of the alkali potash, so a mineral acid (sul- 
phuric acid is the best) is employed to neutralize the alkalL 
Upon the addition of the acid, the Prussian blue is immediately 
developed. Thus — 

( Prussio acid , ( Liq. potasssB , ( Ferrous sulphate 
t 18H Oy + 1 18KH0 "^ \ 5Fe SO, 
, ("Ferric Sulphate , (Sulphuric acid_ (Sulphate of potash 
+ 1 Fe,(S0,)3 +1 H,SO, -1 9K,S0, 
, ("Hydrogen , (Perrocyanide of Ferric iron or Prussian blue 
+ t 2H +\ Fe, (FeOy.),, 18H,0. 

(4) The formation of the hlood'ved svlpho-cyanide of iron- 
(¥e^OSj\) as follows :— 

Some prussio acid is heated upon a watch-glass to a syrupy 
consistence with a drop or two of sulphide of ammonium 
(NH^HS). Thus— 

(a) HOy + NH^HS=2H + NH.CSy : 

Hydrogen and sulphooyanide of ammonium (white) result. 

(b) Perchloride of iron (FeaCl.) is added to NH^OSy. Thus — 

eNH^CSy + Fe,01e=6NH,01 -f- Fe (OSy)«. 

Chloride of ammonium and sulpho-oyanide of iron (red) are- 
formed. 

The Aeidum Hydrocyanicvm Dilution of the British Pharma- 
copoeia consists of hydrocyanic acid dissolved in water and 
constituting 2 per cent, by weight of the solution. 

Scheele*8 prussio acid contains 4 per cent, of anhydrous acid. 

The anhydrous acid is very volatile and speedily decomposes 
into a carbonaceous mass. The dilute acid can be much longer- 
preserved if a trace of a mineral acid be present. 

THE HALOGENS. 

Under this heading we describe four elements, vix : — Chlorine^, 
Bromine, Iodine^ ana Fluorine. They have received this name 
from the fact of their forming salts analogous in their cotnposi^ 
Hon to common salt, or chloride of sodium (NaCl). 
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CHLORINE. 

Symbol, 01. Atomic weight, 85*5. Density, 35*5. 

Description and Soitrees.^A gas ; never native ; of a greMtskr 
yeUow colour with a pecnliar disagreeable odour, which in small 
quantities resembles that of seaweed; in large quantities a 
]>owerfnl irritant, causing inflammation of the mucous membrane,, 
and even producing a fatal result when inhaled. Oan be con- 
densed to a heavy yellow liquid, but has never been solidified. 
Found combined with metals as chloride. Dry chlorine wiU 
not bleach,, but when water is cMed does so powerfiiUy. Only 
bleaches vegetable colours, mineral colours being unaffected. Is- 
not combustible, but supports combustion. An aqueous solution 
of 01 will dissolve gold leaf. 

iV^arah'on.— (1; By acting upon dioxide of manganese- 
(MnOj) with hydrochloric acid (HOI.). Thus— 

MnOj, + 4H01=Mn01, + 2H,0 + 201, 
Manganese chloride, water, and chlorine result. 

(2) By the action of sulphuric acid (HgSO.) upon dioxide of 
manganese (MnO J and chloride of sodium (NaOl). Thus — 

2Na01 + MnO, + 2H,S0, = NaSO^ + MnSO^ + H,0 + 201. 
sulphate of soda, sulphate of manganese, water and chlorine- 
are formed. This gas cannot be collected over cold water or 
mercury, since the former dissolves 2*87 volumes of 01 at 15®». 
and witii the latter mercuric chloride is' formed. It may be 
eollected by displacement, being nearly 2*5 as heavy as air,, 
but is conveniently prepared over warm water. 

Tests. — (1) Its greenish-yellow colour, and its odour. 

(2) A lighted candle placed in 01 continues to bum, but with 
ft very smoky flame ; the hydrogen of the wax enters into com- 
bination with the 01 forming hydrochloric acid (HOI), whilst Its 
carbon is given off from the wax as soot. 

(8^ Phosphorus bums spontaneously in chlorine. 

(4) Oertain metals, as arsenic, antmiony, copper and gold, in 
a fine state of division or attenuation, take fire spontaneously 
when thrown into chlorine. 

Ohloiokb with Htdboobn 
forms 
Htdboohlobio Acid — ^Htdbio Ohlobidb. 
Symbol, HOI. Oombining weight, 86*6. Density, 18*25. 
Description, — A gas; colourless, poisonous pungent, neither - 
combustible nor supporting combustion. Has very acid propertiea 
and is very soluble in water, one volume of which at 16^ 
dissolves 454 volumes of the gas. 
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Prtparation, — (1) By the union of H and 01 in eqnal yolumeff. 
in the sunlight or by heat. Thus — 

H + 01 = HOI. 
(2) By the action of sulphurio acid (H^SO^) upon chloride of 
■odium (NaOl). Thus— 

2Na01 + H,SO, = NajSO, + 2H0I. 
Sodium sulphate and hydrochloric acid are formed. 

Tsits. — ^For the strong or concentrated acid (a solution of the 
^as in water). 

(1 ) Whiteru the skin, forming chloride of albumen. 

(2 1 DissolvM gold Uaf in the prosonoe of nitric acid (HNO,). 

(8) Giyes off Chlorine gas when added to dioxide of man« 
ganese. 

(4) Giyes white fumes with the yapour of ammonia. 

For the dilute acid or a soluble chloride. 

Nitrate of silyer (AgNOj) giyes a white precipitate of the 
chloride of silyer (AgCl). This precipitate is recognised by the 
following characters — 

(a) It is soluble in liquor ammonia), and reprecipitated by 
nitric acid. 

(b) It blackens by exposure to light. 

re) When heated, it melts to a mass called horn silyer. 
HOI when added to nitric acid, forms — 

Aqua Eegia,'-^ThiB mixture dissolves tho noble metals, such 
«■ gold and platinum, the solvent action being dependent upon 
the chlorine, which is set free by the oxidising agency of tho 
nitric acid upon the hydrogen of the HOI, and thus soluble 
•chlorides are formed. The nitric acid is reduced to nitrogen 
•dioxide (N.0|), and nitrous oxycblorido (NOOl), and nitric ozy* 
•chloride (NOOl^ are liberated as yellowish gases. 

OOHPOUNDB or OULORIKB WITH OXYOEK. 

Ohlorine and oxygen do not unite directly, but indirectly 
they form the following compounds, viz : — 

01,0, ohlorine monoxide, yielding HOlO hypochlorous acid. 
01,0,, chlorine trioxide, yielding HOlO, chlorous acid. 
OljO^, ohlozine tetroxide. 

HOlO,, chloric acid. 

HOIO^, perchloric acid. 

No acid corresponding to chlorine tetroxide, or any oxides 
corresponding to chloric, and perchloric acids have as yet been 
prepared. 
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Ghlobinb Monozidb. 

Symbol, Gl^O. Moleonlar weight, 87. Density, 43-5. 

Description, — ^A gas, oondenuble to a red explosiye liqaid, 
very solable in water, forming a yellow solution which bleaches 
vegetable colours more entirely than chlorine. 

J^r^arcUion. — From mercuric oxide (HgO) and chlorine (01). 
Thus— 2HgO + 401 = E^,01,0 + 01,0. 

Mercuric oxyohloride, and chlorine monoxide, are formed. 

BLBiLOHINO POWDSB. 

Is a mixture of chloride of calcium (OaOl,), and hypochlorite of 
calcium (OaOl^O,). It is prepared by passing chlorine gas 
(01) into slaked lime (OaH fi^. Thus— 

20aH,0, + 401 = 2H,0 + OaOlj + CaOLO,. 
The chlorine for this preparation is now obtained on a large 
scale by passing hydrochloric acid gas and air over heated 
sulphate of copper (OuSOJ. The H of the HOI, and the of 
the air form water, setting free the chlorine. The sulphate of 
copper undergoes no change whatever. 

Htpoghlobous Acid. 

Symbol, HOIO. 

A colourless liquid with a peculiar smell and strong bleaching 
properties. 

PrqHxratxotL — From carbonate of lime (OaOO,), water (H,0)» 
and chlorine (01). Thus — 

OaOO, + H,0 + 401 = CO, -f OaOl, + 2H010. 
Carbonic imhydnde, chloride of calcium, and hypochlorous 

acid are formed. 

CHLOBunc Tbiozidb. 

Symbol, 01,0,. 

A gas of deep yellowish green colour. Formed by the action 
of nitric acid (HNO,) upon arsenious acid (As,0,), chlorate of 
potash (EOlO,) and water H,0). Thus— 

2K010,+ Ab,0, + 2HN0, + 2H,0 = 2H,AsO^ + 2KN0, 

+ 01,0,. 

Arsenic acid, nitrate of potash, and chlorine trioxide result. 

Chlobous Acid. 
Symbol, HOIO,. 

Is prepared by condensing OLO, g^s in water ; it is a 
greenish yellow liquid, which bleaches and oxidises. 

Chlobinb Tbiboxidb. 
Symbol, 01,0^. 
A deep yellow gas, and at 2Q^0 a red liquid. 
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Preparation, — By the action of snlphuric acid (H,SO^ upon 
chlorate of potash (KC10»). Thus— 

eKQOj + SHjSO, = 8K^0^ + 2H010^ + 2H,0 + 201,0^, 

Sulphate of potash, perchlonc acid, water, and chlorine te- 

troxide result, the gas being collected by displacement. 

This gas is very liable to decompose with violent explosions, 

and is soluble in water, yielding mixtures of chlorite and 

chlorate. 

Chlobic Acid. 
Symbol, HOIO3. 

A syrupy, strongly acid liquid, and a powerful oxidizing agent* 
When dropped upon paper it takes fire, giving up its oxygen ;. 
forms salts called chlorates, all of which are soluble in water. 

Preparation. — ^From barium chlorate (Ba2G103) and buI* 
phurio acid (H-SO A Thus— 

Ba2010, + HaSO^ = BaSO^ + 2HOIO3. 
Sulphate of baryta and chloric acid result. 

Pbbchlobio Aoid. 

Symbol, HGIO. Molecular weight, 100-5. 

Description, — An oil-like liquid, forming with water a crystal- 
line hydrate. One of the most powerful oxidizing agents- 
known ; if dropped on wood or paper it instantly causes ignition, 
and when thrown on charcoal it decomposes with detonation. 
It is the most stable of all the acids derived from chlorine. 

Preparation. — From chlorate of potash (KCIO3) and sul- 
phuric acid f HjSO.). Thus — 

4KOIO3 + 2BL,S04 = ^^^A = ^«^ + 30 + 201 

-f- 2H010^. 
Sulphate of potash, water, oxygen, chlorine and perchloric 

aoid are formed. 
The following, then, is the unbroken series of the acids of 
chlorine, increasing step by step by one atom of :— 

HOI, hydrochloric acid. 
HOlO, hypochlorous aoid. 
HOIO3, chlorous acid. 
HOIO3, chloric acid. 
HOIO4, perchloric acid. 

OOMPOUND OF OhLORINE WITH NiTROOEN. 

This is formed only indirectly, and its composition has |[not 
as yet been precisely ascertained. It is obtained by passing 
excess of chlorine gas through a solution of anmionia. It i» 
an oily liquid of specific gravity, 1*653, which when touched 
explodes with fearful violence. Its hypothetical formula is NOl^. 
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Ck>MFOUNDB OF ChLOBINB WTTH GABBOK. 

These can only be made indirectly, and are as follows — » 

Oarbonio chloride, COL. 

Ethylene chloride, OjCl^. 

Carbonic perchloride, OjOl^. 

Carbonic oxy-chloride, uOCL. 
With marsh gas (CH^) the following stages in the snbstitu* 
lion of hydrogen by chlorine oconr :^ 

(1) OH, + 201 = OELOI 4- HOI. 

(2) CH-Ol + 201 = CELCL + HOI. 
C3) OHjOL + 201 = OHOL + HOI. 
(4) OHOI3 4- 201 = 001, + HOI. 

The properties of these compounds must be left for disonssion 
under organic chemistry, 

BROMINE. 

Symbol, Br. Combining weight, 80. Density, 80. 

Description, — A fluid ; the only element liquid at ordinary 
temperatures except mercury. Of a dark reddish-brown colour 
by reflected light, but hyacinth-red by light transmitted through 
thin layers, and emitting a yapour, irritating and poisonous. 
A monad replacing one atom of hydrogen, as seen in the com- 
position of hydrobromic acid H/Br. ; specific gravity at 4°0 is 
2-966. Freezes at— 22o to a black solid, and boils at ^°, About 
30 parts of water dissolve one part of Br at Ib^. The solution 
has bleaching powers, but these are feebler than those of 
chlorine. Bromine is Tory soluble in alcohol, and more so in 
ether. Forms salts called bromides. 

Sources, — Not free in nature. Found combined with sodium 
and magnesium In some mineral springs, and in sea water. 

Preparation, — ^From " bittern,'' the residue of sea water, after 
the crystallization of common salt (NaOl). Here it exists in 
the form of bromide of magnesium (MgBr^), and through this 
•chlorine gas is passed. Thus — 

MgBr. + 201 = Mg 01, + 2Br. 

The freed bromine is shaken up with ether, which rises with 
it to the surface, and is then separated by a pipette. Caustic 
potash (EIHO) is now added, and the solution evaporated to 
dryness. Thus, bromide of potassium (EBr) is obtained and to 
this black oxide of manganese (MnOj), and sulphuric acid, 
<H.SO.) are added. Thus— 

2KBr -f MnO, + 2H.S0, = K^SO, -f- MnSO, -f 2HjO -f 2Br. 
Sulphate of potash, smphato of manganese, water, and bromine 

resulting. 
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Htdbobromio Aoir. 

Symbol, HBr. Molecular weight, 81. Density, 40*5. 

Description, — ^A gas, colo-orleBS, strongly acid, fmning in 
moist air ; Tory solnble in water. 

Pr^paraiicn, — ^H and Br will not nnite directly, even in the 
sunlight, but can be made to do so : 

(y\ By passing them through a red-hot porcelain tnbe. 

(2; By the action of Br and phosphorus (P) upon water^ 
Thus— 

P + 5Br + 4H,0 = HjPO^ + 6HBr. 

Violent action takes place, and phosphoric acid and hydro- 

bromic acid result. 

GOMFOUKDB OF BbOMINB WITH OXTOXN. 

(1) Htfobrohoub Acid. (HBrO) is known only in aqueous- 
solution, and the corresponding monoxide (Br.O) is altogether 
unknown. This acid bleaches yegetable colouring matters;, 
and bromine forms with slaked lime an analogue to bleaching 
powder which consists of calcium bromide, and calcium hypo- 
bromite (OaBrj, OaBrjOj). 

Preparation. — By tiie action of bromine water upon red oxide- 
of mercury (HgO), Thus — 

HgO + 4Br + Hj,0 = HgBr, + 2HBrO. 

Bromide of mercury and hypobromous acid are formed. 

(2) Bbomic Acid (HBrO,) corresponds to chloric acid' 
(HCIO3), and forms bromates with metallic oxides, which are 
decomposed by heat in a similar manner to Chlorates. * 

Preparation, — By the action of chlorine (CI) upon bromine* 
water (Br + HjO). Thus— 

Br + 3H,0 + 601 = 6H01 + HBrO,. 

Hydrochloric acid and bromic acid are formed. 

(3) Bbomine Pbntozide (Br^O) has not as yet been isolated 
but 

^4) Perbbomic Acid (HBrO J has been prepared by the aotioxk 
of oromine upon perchloric acia (HGIOJ. Thus — 

Br + HOIO4 = 01+HBrO^. 
Chlorine and perbromic acid resulting. 
Bbohide of Nitbogbn (NBr.) is an oily detonating fluid. 
Test for Bromine. — The orange bromide of starch, formed by 
the addition of starch to this substance. 
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IODINE. 

Symbol, L Combining weight, 127. Density, 127. 

Desertpiion.'-A solid element occurring in black scales or 
laminar crystals, with a grey metallic lustre. Fuses at 107^ ; 
bong at 180OG. Specific gravity. 4*95. Only slightly soluble 
in water, but very much so in alcohol and ether. Upon heating 
gives off vtolet vapours, whence its name (ton, a violet, and eidos^ 
like). Forms salts called iodides ; a monad element replacing 
one atom of hydrogen, as shown in the composition of hydri- 
odic acid, H/I. Its properties are not so active as those of 
chlorine and bromine, by which it is liberated from its com- 
ponnds. 

Sources. — ^Found combined with metals in sea-water and in 
various springs. 

Preparation, — From a solution of " kelp," the vitrified ashes 
of sea-wrack. After the removal of various salts (the iodine 
existing as iodide of sodium (Nal)), black oxide of manganese 
(MnO^ and sulphuric acid (H^SO^) are added. Thua— 

2NaI + MnO, + 2HaS0, = Na^SO, + MnSO^ +2H,0 

+ 21. 

Snlphate of soda, sulphate of manganese, water, and iodine are 

formed. 

Tests, — (1) The violet vapours produced by heating freo 
iodine. 

(2) The blue colour which its solution forms with starch (the 
iodide of starch). 

With regard to the preparation of the foregoing three sub- 
stances, CI, I, and Br, it will be seen that one equation will 
serve for them all, making, of course, the requisite substitu- 
tions. Thus— 

2 ^NaU- MnO» + 2H„S0, = 3n*2S^44. MnSO, + 2BL0 
(KBr (KaSO, 

(CI. 
+2^1. 
(Br. 
Iodine with Htdbogen 
forms 

Hydriodic Acid. 
Symbol, HI. Molecular weight, 128. Density, 64. 
Description, A gas ; colourless, irritating and fuming, with 
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«trong aoid reaction ; Tery soluble in water; jgradoally deoom- 
posed by air. Solidifies at — 65^ 
Preparation. — {1) By heating iodine and hydrogen together. 
(2*) From tri-iodide of phosphorus (PI,) and water (H,0). 
Thus— i 

PI, + 3H,0 = HjPOg + 8HL 
Phosphorous acid and hydriodio acid are formed. 
loDiHiB WITH OxTOBK AND Htdbogbn fprms the following^ 
«cids :— 

(1) Iodic Acid, HIO,. Molecular weight, 176. Occurs in 
wldte crystals, and corresponds to chloric acid. 

PrqHxration,—(l) By the oxidation of iodine by nitric acid. 

(2) By the action of chlorine upon iodine water. Thus — 

I + 3H,0 + 601 = 5H01 4- HIO,. 
Hydrochloric acid and iodic acid result. 
By heating HIO, to 170°, we obtain 
Iodine pentoxide (Ifi^^ ^ white crystalline solid. 
(2) Periodic Acid, HIO^. Molecular weight, 192. A white 
•crystalline solid, which, by heat, breaks up into Ifi^ water 
and oxygen. 

iV^poraf ion.— From perchloric acid (HOIO4) and iodine. 
Thus— 

HOIO4 4- 1 = 01 + HIO^. 
Chlorine and periodic acid are produced. 
By heating HIO, to 160° we obtain iodine heptoxide (laO,). 

Iodine with Nitboobn. 

Forms a black powder (NI,), iodide of nitrogen. This, when 
touched in the diy state decomposes with a sudden loud report, 
or may even sometimes explode spontaneously. 

Preparation, — By the action of a strong alcoholic solution of 
iodine upon anunonia. This may be expressed as follows : — 

61 + 4NH, = 3NH,I + NI3. 
Iodide of ammonium and iodide of nitrogen are formed. 

FLUORINE. 

Symbol, F. Combining weight, 19. 

Description, — A gas ?; colourless ; not acting upon glass like 
hydrofluoric acid. A monad element replacing one atom of 
hydrogen, as shown in composition of hydrofluoric acid H/F. 
Is absorbed by caustic potash (KHO.) Thus — 

2KH0 + 2F = HjOj, + 2KF. 

Forming hydrogen dioxide and fluoride of potassium. 
Fluorine forms no compounds with oxygen. 
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Sources. — Found combined with calcium as flnorspar, (Derby- 
shire spar) or fluoride of calcium. Also in cryolite (3 NaF + 
AIF3), a double fluoride of sodium and aluminium. It has been 
detected in the teeth and blood of animals. 

Pr^>aratton, — ^Has been obtained with great difficulty by 
passing dry iodine (I) over dry fluoride of silver (AgF). 
IThus — 

AgF + I = Agl + F. 

Iodide of silver and fluorine being formed. 

Fluobinb with Hydeoobn 
forms 
Hydrofluoric Acid. 
Symbol, HF. Molecular weight, 20. Density, 10. 

Description, — A gas; colourless; very corrosive; produces 
painful wounds when handled ; fumes strongly in the air. In 
contact with water it dissolves with a hissing noise, forming 
Tthe hydrate (HF, 2HjO). 

Pr€p<irat{on. — ^From fluoride of calcium (CaFj) by the action 
-of sulphuric acid (H^SO^). Thus — 

OaFj + HjSO^ = OaSO^ + 2HF. 
.Sulphate of lime and hydrofluoric acid are formed. This acid 
has the peculiar property of etching glass, by uniting with the 
vsilicon of its silica (SiO»). Thus : — 

SiOa + 4HF = 2H2O + SiF,. 
1?7ater and fluoride of silicon are formed. 

The Analogies, Gradations, and Relations of the 

Halogen Group. ' 

(1) Chlorine is a gas ; bromine, a liquid ; and iodine, a solid 
at ordinary temperatures. 

(2) Liquid chlorine is transparent. Liquid bromine slightly 
so, and liquid iodine is opaque. 

(3) The vapour of chlorine is yetloioish-green, that of bromine 
is orange f and that of iodine is violet. 

(4) The sp. gr. of liquid chlorine is 1*33 ; of liquid bromine 
2'97 ; and of liquid iodine, 4'95. 

(5) The combining weight and, therefore, the density of 
bromine (80) is nearly the mean of chlorine (35 "6) and iodine 
ri27). Thus — 

82l±i2L== 81-25 

D 
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(6) They all form, with hydrogen, compomids containing^- 
eqnal Tolumes of the constituent gases united without conden* 
Bation. Thus : — 

H/01 ; H/Br ; H/I ; H/F ; 

(7) All these last are colourless gases which fume in air ; 
HCl (^hydrochloric acid) is very stable ; HBr (hydrobromic acid)* 
710^ veiy stable ; HI (hydriodic acid) very unstable ; HF (hydro- 
fluoric acid) is stable. 

(8) Chlorine is readily soluble in water, bromine only mode- 
rately so, and iodine is scarcely soluble. 

(9) Chlorine displaces bromine and iodine from their com- 
pounds ; bromine displaces iodine and fluorine ; and iodine- 
displaces fluorine. 

(10) All their crystalline forms with metals are cubes. 

THE METALLOIDS. 

The following substances are included under this denomina- 
tion, since in some respects they resemble the metals, but ii» 
others are nearly allied to many of the substances previously 
described. 

SULPHUR. 

Symbol, S. Combining weight, 32. Density, 82. 

Description and Sources. — A solid element, occurring native- 
in volcanic districts as Sicily and Iceland, crystallising in yellow 
rhombic octahedra ; in combination, as orpiment, or arsenic tri- 
sulphide (ASoSg), greenockite or sulphide of cadmium (CdS^ ; 
Bealgar ASjSg ; iron pyrites (FeS^) ; magnetic pyrites (Fe-Sg) j 
silver-glance (Ag^S) ; cinnabar or sulphide of mercury (HgS). 
Cobalt glance containing cobalt, arsenic and sulphur (CoAsS) ;■ 
nickel-glance, containing nickel, arsenic and sulphur (NiAsS) ; 
sulphide of lead or galena (PbS) ; zinc sulphide or blende (ZnS) ;. 
copper sulphide (CuS). In combination with metals and oxygen 
as gypsum or calcium sulphate (CaSO^ -f ^H^O) ; heavy spar or 
barium sulphate (BaSO^) ; Glauber*s s^ts, or sodium sulphate- 
(NaSO^ -j- 10 HjO); as sulphuretted hydrogen (H„S), in certain, 
springs, as those of Harrogate. Sulphur crystallises in two ir- 
reconcileable geometrical forms, and is hence called di-morphous. 

Preparation. — To obtain sulphur pure, the mineral in which 
it is contained is heated in earthenware pots. The sulphur 
distils over as vapour, and is condensed in similar pots outside 
the furnace. 

Flowers of Sulphur ^ is the name given to the fine crystalline 
powder, into which the vapour of sulphur solidifies, when it is 
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quickly cooled below its melting point. This occarg in the 
same manner that aqueous yapour is deposited as snow. 

Brimstone, or RoU Sttlphitr, is formed when sulphur is gently 
heated, after which it melts, and is cast into sticks. 

Sulphur exists in three modifications, which are insoluble in 
water, and in most organic fluids, viz. : — 

(1) The rhombio octahedron in nature, of specific £^ayity 
2*07 ; soluble in disulphideof carbon (CS,). 

(2) The long transparent needle-shaped prismatic crystals, 
entirely different to the first form, also soluble in GSj. These 
are produced by allowing, melted sulphur to cool slowly, and 
have the specific gravity of 1*98. The crystals become 
opaque after some days' exposure to air, since they split up into 
crystals of the natural form. 

(3) A soft tenacious caoutchouc mass of specific gravity 1*96 
and insoluble in GS,, obtained by pouring melted sulphur, 
heated to 230^0. into cold water ; at the ordinary temperature 
of the air, this form of sulphur assumes the ordinary brittle 
Tariety, and if heated to 10U<', it instantly changes to this form. 

These modifications may be rendered apparent by simply heat- 
ing sulphur : at 115°, this substance melts, and forms an 
amber-coloured mobile liquid. With the rise of the tempera- 
ture, a dark-coloured thick treacley liquid is formed, and this 
at 250°, can scarcely be poured out of the vessel : above 250° 
a reddish-black thin liquid is formed, which remains in this 
condition until the temperature of 490° is attained, when it be- 
gins to boil, giving off a red vapour. 

Sulphur is inflammable, and when heated in the air, bums 
with a blueish flame, forming a gas, sulphur dioxide (SO,), 
which emits a suffocating odour. 

Direct compounds of sulphur with chlorine, carbon, and most 
other elements are known, and many metals burn in sulphur 
yapour, forming sulphides. 

The compounds of sulphur with oxygen and hydrogen are as 
follows :-^ 

1 ... ... ... ... H3SO2 Hydrosulphurous acid. 

2 SO, Sulphur dioxide yielding H^SOg Sulphurous acid. 

3 SO3 Sulphur trioxide yielding H^SO^ Sulphuric acid. 

4 ... ... ... ... HjSjOg Hyposulphurous acid. 

5 ... ... ... ... H2S3O9 Di thionic acid. 

6 ... ... ... ... Hj^SgO, Trithionic acid. 

7 ... ... ... ... Hl^S^Og Tetrathionic acid. 

8 ••• ... ... ... H2S20g Pentathionic acid. 

d2 
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The oxides corresponding to the acids (I) (4) (5) (6) (7) (8) 
are unknown. The acids, snlpharons, snlphoric, and hyposnl- 
phnroas, are of importance, bat little is as yet known oon- 
ceming the others. 

HrDBOBULPHUBOUS ACID. 

Symbol, H^SO,. 

Deseriptton,^'A. yellow liquid which instantly bleaches vege- 
table colouring matters, and is a far more powerful reducing 
agent than sulphurous acid. It forms a series of salts which, 
although stable when dry, are in solution, rapidly converted 
into hyposulphites. 

Preparation, — ^By the action of sulphurous anhydride (SO^ 
and water (H^O) upon metallic zinc (Zn). Thus — 
Zn 4- 2SOj 4- HjO = ZnSO, 4- H,80,. 
Sulphite of zinc and hydrosulphurous acid are formed. 

SuLPRCB Dioxide. 

Symbol, SO,. Molecular weight, 64. Density, 82. 

Description. — A gas; pungent, colourless, irrespirable and 
suffocating ; is always formed when sulphur is burnt, and is 
given off from volcanic craters. 

Preparation.—^) By acting upon metallic copper (Ou) with 
sulphuric acid (HjSO.). Thus — 

Ou 4- 2H2SO4 = OuSO^ 4- ZHjO 4- SOj^ 
Sulphate of copper, water and sulphur dioxide result. 

(2) By the deoxidation of sulphuric acid (H^SO J by means 
of wood charcoal (0). Thus — 

HjSO^ 4- = H»0 4- 00 4- SOj^. 
Water, carbonic oxide, and sulphur dioxide, result. 

This gas may be collected over mercury, or by displacement. 
Gold water takes up 30 times its volume of SO,. When cooled 
to— 10*' it condenses to a colourless liquid, and below— 76® the 
liquid freezes to a transparent solid. 

A solution of SO, in water consists of true sulphurous acid or 
hydrogen sulphite B^O^ Upon boiling this liquid SO, escapes 
as a gas. Upon coolmg a solution of the gas in water below 5** 
sulphurous acid separates as a crystalline hydrate (H,SO. 4- 
UH-O). 

SO, is largely used for bleaching purposes, especially for 
substances not acted upon by chlorine, and also as an antichlor 
for getting rid of the excess of chlorine contained in the 
bleached rags from which paper is made. Thus — 

SO, 4- 2H 4- 201 = H,SO, 4- 2H01, 
oulphuric and hydrochloric acids are formed. 
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Tests, — (1) H^SO, is a colonrlesa liqnid, with an odonr of 
burning snlphnr. 

(2) It reduces gold chloride, precipitating metallic gold. 

(3) It liberates iodine from its compounds, and, if starch be 
present, produces the blue iodide of amiden. 

SO3, when moistened with H^O, bleaches in an exactly opposite 
manner to CI, since SO, abstracts the oxygen and liberates 
the hydrogen, whilst CI abstracts the hydrogen and liberates 
the oxygen. 

SuLPHUB Tbioxide. Sulphusio Anhtdbidb. 

Symbol, SO,. Molecular weight, 80. Density, 40. 

Sulphur dioxide gas (SO,) and oxygen (0) will not, under 
ordinary circumstances, unite directly to form SO3, but if they 
be passed together over finely divided and heated metallil* 
platinum, they combine to form dense white fumes which con- 
dense to long prismatic crystals of SO3, changing after s 
time to white silky needles. This substance does not redden 
litmus, and when moulded by the fingers, does not char the 
skin ; when in contact with water however, combination taken 
place with loud hissing, like a red-hot iron, sulphuric acid 
HjSO^ being formed. By gently heating the Nordhausen sul- 
phurio acid (see below) SO3 sublimes. 

SuLPHUBio Acid. Htdbogen Sulphatb. 

Symbol, H,SO.. Molecular weight, 98. 

Desoription. — A heavy, oily liquid, " oil of vitriol " of specific 
gravity 1*848, and boiling at 338^0. It chars organic bodies, 
and is the most powerful acid known, except at high tempera- 
tures. 

A dibasic acid, as indicated by its composition , „ V SO4. Most 

of the acids are prepared by its agency. 

Preparation, — This acid was first prepared by the distillation 
of green vitriol or ferrous sulphate (FeSO.), and in this mode 
is known as faming or Nordhausen acid, having the formula 
H2SO4 4- SO3 (a mixture of sulphuric' acid and sulphuric anhy- 
dride), a heavy, dark, fuming, liquid used only in the arts, 
chiefly for dissolving indigo. 

The usual method of preparation is, however, hy 
the combustion of sulphur (S) and the oxidation of the result- 
ing sulphurous anhydride (SO,) by means of nitrous anhy- 
dride (^,03). The operation is conducted m huge leaden 
chambers, often of a capacity of 100,000 cubic fe^^, sulphur (S; 
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or iron pyrites (FeS,) being burnt at one end, and nitrate of 
potash (KNO3) ^^ ^^® other. From the sulphur S0« is g^ven off, 
while from the KNO, arises N,0,, which immediately parts 
with one atom of oxygen (0) to the S0„ forming SO,, or 
sulphuric anhydride ; thus N^O. is left, and this acquiring 
more from the air, becomes agam NaO,, ready to part with a 
fresh supply of for the SO, continually coming off from the 
burning sulphur. 

Jets of steam (H^O) are now blown into the chamber, and 
uniting with the SO3 form H^SO^. This acid falls to the 
floor of the chamber, and is continually drawn off, the excess of 
water being removod by evaporation. The chamber acid is 
then heated as follows : — 

(1) In leaden pans until it attains a specific gravity of 1*72 ; 
then known as the brown oil of vitriol of commerce and — 

(2) Concentrated in glass or platinum vessels until the maxi. 
mum specific gravity and strength are acquired. We may repre- 
sent the changes in the preparation as follows :•— 

Sulphurous Nitrous Nitric Sulphuric 
anhydride anhydride oxide anhydride 
(1) SO, + N,0, = N,0, + SO. 
Sulphuric Steam Sulphuric 

anhydride acid 

(2)S03 -[. H,0 = H,SO, 

Tests. — For the concentrated sulphuric acid : — 

(1) Its great weight. 

(2) Its energetic union with water, giving out great heat. 

(3) Its charring organic bodies. 

(4) With metallic Ou and heat giving off SO^ known by its 
odour. 

For the dilute acid or a soluble sulphate. 
Any soluble salt of barium (Ba) as the chloride (BaCl,) or 
the nitrate (Ba2N03) gives a white precipitate of 
sulphate of baryta (BaSO^) insoluble in all alkalies and in all 
acids except boiling sulphuric, but from that deposited upon 
cooling. 

Action upon the metals. 

Upon the addition of water zinc, (Zn), and iron (Fe), are con- 
verted by HjSO^ into sulphate of zinc (ZnSO.), and sulphate of 
iron (FeSO J, with evolution of hydrogen (M) ; whilst copper 
(On), and mercury (Hg), become with heat and the same reagent 
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Sulphate of copper (GuSO J, and sulphate of meronry (HgSO J, 
with the prodaction of sulphnroiis anhydride (SO,). 

HTPosui.FHUBon8 AciD, Hydbooen Htpobulfhitb. 
Symbol, H^SjO.. Only known in metallic combination, as 
epdinm hyposmphite j^a^S^O, -|~ 6H„0) or potassium hypo- 
sulphite (l^S^O. + 5H2O). It cannot be freed from the sodium 
•or potassium. Since these salts have the power of dissolving 
the silver salts which have escaped the action of light, they 
-are largely used for fixing the image in photography. Sodium 
hyposulphite is prepared by passing sulphur dioxide (SO.) into 
a mixture of so^um sulphide (Na^S) and caustic soda (NaHO) 
Thus— 

2Na.,S 4- 2NaH0 + 4S0., = H3O + SNajS^O, 
'Water and sodium hyposulphite resulting. 

DiTHioNic Acid. 

Symbol, HjS^O^ ; a colourless, odourless, sour liquid. 
All dithionates are soluble in water. 

Preparation, — (a) By acting upon manganese dioxide (MnO,) 
with sulphur dioxide (SOg) Thus — 

MnOg + 2S0j = MnSjOj. 
manganese dithionate is formed. 

(b) By the addition of barium hydrate (BaHgO,) to man- 
ganese dithionate (MnS^Og). Thus — 

MnSjOj 4- BaH,0, = MnO+ BaSjOg. 
manganese hydrate is precipitated and barium dithionate left 
in solution. 

(c) By acting upon barium dithionate (BaS^Og) with sul- 
j)huric acid (K^SO^). Thus— 

BaSgOg + H2SO4 = BaSO^ + H^SjOe. 
Barium sulphate and dithionic acid are formed. 

Tbithionic Acid. 

Symbol, H^SjO,. This acid decomposes spontaneously into 
^sulphur (S), sulphurous anhydride (SO,), and sulphurous acid 

(H^Og). 

PrqfHiration. — From potassium hyposulphite (K^SjOj,), and 
sulphurous anhydride (SO,). Thus — 

2K,S,03 + 380, = S + 2KaS30,. 
Sulphur and potassium trithionate are formed. 

The acid is freed by hydrofluosilicic acid (H^SiF,). Thus — 
KjS^Oe + HjSiFe = K^SiFe 4- H^SgO.. 
Potassium fluosilicate, and trithionio acid being formed. 
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Tetbathionig Acid; 
Symbol, "R^^fig. Decomposes by heat like trithionic acidL 
Preparation, — (a) By acting upon barinm hyposnlphito 
(BaSjOg), with iodine (I). Thus— 

21 + 2BaSa03 = Balj + BaS^.. 
Iodide of barium and tethrathionate of barium result. 

(b) By acting upon BaS^Og, with sulphuric acid CHJSO4)- 
Thus— 

BaS^Og + HjSO^ = BaSO^ + HjS^Og. 
Barium sulphate and tetrathionic acid are formed. 

PENTAxmoNio Acid. 

Symbol, H^SgOg. Colourless, odourless, with an acid and 
bitter taste; a most unstable substance ; gives a yellow precipit- 
ate with the subnitrate of mercury, and a yellow precipitate^ 
(taming black) with nitrate of silver. 

Preparation. — From sulphurous acid TH^SOg) and sulphuretted 
hydrogen (H„S). Thus— 

6H2SO3 + SHjS = 5S + 9H,0 4- Hj^S^O,. 
Sulphur, water, and pentathionic acid result. 

SULPHUK WITH HydBOGEN FOBMS TwO COMPOUNDS, VIZ : — 

(1) H3S. Hydrogen sulphide, or sulphuretted hydrogen. 

(2) HjS^. Hydrogen persulphide, or hydrogen disulphide. 

SULPHUBBXTED HtDBOGEN. 

Symbol, H^S. Molecular weight, 34. Density, 17. 

Description. — A gas ; colourless, narcotic, with an odour of 
rotten eggs ; inflammable, burning with a blue flame and form- 
ing water and sulphurous anhydride. 

Preparation^ — (1) By passing hydrogen gas (^H) through 
boiling sulphur (S). 

(^2") By the action of dilute sulphuric acid (H^SO^), upon sul- 
phide of iron (FeS). Thus— 

FeS + HjSO^ = FeSO^ + H^S. 
Sulphate of iron and sulphuretted hydrogen result. 

(8) By the action of hydrochloric acid (HCl) upon sulphide- 
of antimony (SboS,). Thus — 

6HC1 + SbjSg = 2SbOl3 + 3H,S. 
Chloride of antimony and sulphuretted hydrogen result. 

This gas must be collected over warm water, since in cold 
water it dissolves to a considerable extent, imparting its peculiar 
odour, and slightly acid reaction to the fluid. It can be con- 
densed to a liquid, and frozen to a transparent ice-like solid. 
HjS is produced by the putrefaction of such animal matters as albu- 
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men, and by the deoxidation of solphates when decayed organic 
matters are present. Sulphuretted hydrogen is chiefly used as- 
a reagent in the laboratory for the precipitation of metals, and 
by it these substances may be separated into groups. Thufr— 

The Copper groupj-^ 
The following metals are precipitated by HjS from an acid' 



solution : — 

Bismuthum (Bi) 
Cuprum (Gu) 
Plumbum (Pb) 
Hydrargyrum (mercurous sa 
Argentum (Ag) . 
PUtmum (Pt) 
Aurum (Au) 
Arsenicum (As) . 
Cadmium (Cd) 
Stannum (Sn) 

Ta^ Stannous salts 

(6) Stannic salts 
Stibium (Sb) . 



. Bismuth 

. Copper 

. Lead 
It) (Hg)Mercury 

. Silver 

. Platinum 

. Gold 

. Arsenic 

. Cadmium 

. Tin. 



.Black or- 
brown. 



} 



Black. 
Yellow. 

Brown. 
Yellow. 



Antimony, orange. 



The Iron group, — 



The following are precipitated by 

Ferrum (Fe) 

Ferrous and Ferric salts 
Manganesium (Mn) 
Cobalt (Co.) 
Nickel (Ni) . 
Chromium (Cr) . 

(a) Chromous salts 

(6) Chromic salts 
Uranium (U) 

{cC\ Uranous salts 

(6) Uranic salts 
Zincum (Zn) 



HgS from an alkaline solution:^-^ 

Iron. 

. Black. 
Manganese, Flesh Colour- 
Cobalt . Black. 
Nickel . . Black. 
Chromium. 

. Black. 
Greyish-green 
UranlTmi. 

. Black. 
Brownish-yellow. . 
Zmc . White. 



Htdboqen Distjlfhids, Htdsoqen Pebsulfhide. 

Symbol, H^S^. 

Description. — An oily liquid, closely resembling H^O, ; pos- 
sesses a peculiar smell, bleaches, and is readily decomposed into 
sulphur and sulphuretted hydrogen. 
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Preparation. — ^By the addition of caloium disnlphide lolatiaii 
.(CaSJ to hydroohloric acid (HGl). ThuB— 

CaS, 4- 2H01 = CaCl, + H,S, 
Chloride of calcium and hydrogen persulphide are formed. 

SuLPHUB WITH Carbon fobhb 
Cabbon Dibttlphids. 
Symbol, CS.. Molecular weight, 76. Density, 88. 
Description, — A liquid ; volatile, oolourleas, and heavy, with 
an odour of cabbage water, posseBsing an acrid pungent 
taste, and very inflammable ; insoluble in water, but soluble in 
-ether and alcohol. The great solvent of gums, caoutchouc, 
sulphur, phosphorus, iodine, bromine, camphor, g^tta-percha, 
and oils. 

Prqmration, — By passing the vapour of sulphur over red- 
hot charcoaL 
Direct compounds of sulphur with carbon are known, viz, : — 

S,C1, 
SOI, 
These are volatile Uquids, and are formed by passing a current 
• of chlorine gas over melted sulphur. 



A remarkable analogy is observable (not only in their com- 
position, but also in their chemical properties), between the 
sulphur compounds, and the corresponding bodies in the oxygen, 
eeries. Thus we have~- 



H,0 Water 

H«0, Hydrogen dioxide 

CO, Carbon dioxide 



HjS, sulphuretted hydrogen. 
ELS, hydrogen disulphide. 
GS, Carbon disulphide. 



PHOSPHORUS, 

Symbol, P. Combining weight, 81. Vapour Density, 62. 

Description. — Never native. Found in combination with 
-oxygen and calcium in the bones of vertebrata, in the seeds of 
some plants (chiefly the cereals), and in certain mineralB a 
triad element. 

Preparation, — By the following successive processes. 

ri) From powdered bone-ash which contains phosphate of 
lime (CajPjOj)) by adding sulphuric acid (Hj,SO J. Thus— 

CaJPjOg + 2H,S0^ = 2CaS04 + CaH^PjO-. 
Sulphate of lime, and superphosphate of lime, resiuting. 

(2) By tiie addition of charcoal (C), to the superphosphate of 
lime. Thus — 

8Ca H^PjO- 4- 100 = Ca ,P,0- + 6HaO + lOOO + 4P. 
Phosphate of lime, water, carbonic oxide, and phosphoma are 
formed. The phosphorus distils over in yellow drops, and is 
• collected under water. 
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Fhosphoms exists in two allotropio forms, viz. : — 

(1) A yellow wax-Uke tolid of speciflo gprayity, 1*83, meltixig^ 
at 440, and boiling at 290<* ; emits a pale phosphorescent light 
in the dark, giving out fames of phosphorus trioxide P^O, ; very 
inflammable and dangerous to handle. Insoluble m water, 
alcohol or ether, slightly soluble in oils, and very so in carbon 
disnlphide. 

(2) The red amorphous phosphonuj of specific gravity, 2*14 ; 
this does not take fire until heated above 260°, when it passes 
into the ordinary form, forming phosphorus pentoxide (P^O^) 
It is insoluble in carbon disulphide. 

Pnparation of red variety, -^(V) By exposing yellow phosphorus 
toatemperature of 240° for some hours in an atmosphere incapa- 
ble of acting upon it chemically, such as hydrogen or carbon 
dioxide. 

(2) By heating ordinary phosphorus in a dry tube with a 
trace of iodine ; phosphorus iodide, and red amorphous phos- 
phorus result. 
Phosphorus 'with Htdbooen forms two Gomfoukdb, viz.: 

(1) P^Oj. Phosphorous anhydride, or trioxide. 

(2) P,Oj. Phosphoric anhydride, or pentoxide. 
Phosphorous Anhydride. Phosphorus Trioxide. 

Symbol, P3O3. Molecular weight, 110. 
Deseripiiotu — A white non-crystalline powder; soft and 
readily volatile ; unites with great energy with water, (H^O) 
forming phesphorous acid (ILPO,). Thus : — 

P.O3 + 3±0 = 2H,P03. 
Preparation. — By burning phosphorus in a limited current of 
dry air. 

Phosphoric Anhydride. Phosphoric Pentoxide. 
Symbol, P^O^. Molecular weight, 142. 
Deseriptioru — A white amorphous powder in soft snow-white 
deliquescent volatile flakes ; absorbs water with great avidity, 
hissing like a hot iron when thrown into water, (BLfO) and form- 
ing phosphoric acid (H3PO J. Thus : — 

PjO, 4- SHjO = 2HjP0^. 
PreparatioTL — By burning phosphorus m excess of air or 
oxygen. 

The Compounds of Phosphorus with Hydrogen and 

Oxygen are Five in Number, viz: — 

Metaphosphoric acid HPO, 



Hypophosphorous acid 
Phosphorous acid 
Phosphoric acid 
Pyrophosphoric acid 



H,PO, 
H,PO, 
H,PO, 
H4PA 
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Mbtafhobphohio Acid. 

■ 

Svmbol, HPOg. 

JDeseription. — ^A transparent glassy masSy known as ^* glacial "^ 
phosphoric acid. A monobasic acid. 

Preparation* — By the addition of snlphnretted hydrogen 
(H,S) to metaphosphate of silver (AgPOA Thns : — 

2AgP0, + H,S = Ag,8 + 2HP0,. 
Sulphide of silver ana metaphosphono acid are formed. 

Upon the addition of water to this glacial acid, a solution of 
metaphosphoric acid is obtained, and this, npon boiling, is con- 
verted into the tribasic phosphoric acid, H3PO4. 

Testi (1). — Nitrate of silver gives a white precipitate. 

(2). — Albumen and acetic acid give a white precipitate- 

Hyfophosphoboub Acid. 

Symbol, H,PO,. 

Deseription, — An acid syrupy fluid and powerful deoxydizer^ 
precipitates gold and silver from their solutions ; all the hypo- 
phosphites are soluble in water. 

PreparatiofL — By acting upon barium hypophosphite 
BaTHiOa)- ^i*Ji sulphuric acid (BLSO J. Thus— 

Ba(HaPOj^, + Tl^O^ = BaSO, + 2tJ3PO,. 
Sulphate of barium, and hypophosphorous acid are formed. 

Phobfhoboub Aoid. 

Symbol, H3PO3. 

Description, — ^Deliquescent crystals which readily decom- 
pose; throws down gold, silver, and platinum, from their 
solutions. 

Preparation, — By acting upon the trichloride of phoBphorua- 
(POL) with water (H-O). Thus— 

POl, + 3BL0 = 3H01 4- H3PO.. 
Hydrochloric acid and phosphorous acid result. 

Phosphobic Acn>. Obthophosfhobio Acid. 

Symbol, H3PO4. 

Description, — A pleasant sour liquid, a tribasic acid. 

Preparation, — (1) By acting upon the tribasic phosphate o£ 
silver (AgjPO J with sulphuretted hydrogen (ELS). Thus— 

2Ag3P04 + 8H,S = 3Ag.S + 2H3PO^. 
Sulphide of silver and phosphoric acia are formed. 

(2) By tho action of nitric acid (HNO3) upon phosphorus (P).. 
Thus— 

2P 4- 6HN0j, = 2N3O3 + NjO^ + 2H3PO4. 
Brown fumes ojf the tri-and tetr-oxides of nitrogen are givea 
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■off and phosphoric acid remaiiiB. This operation must be care- 
fully performed. 

Tests, — (1) Nitrate of silver gives a yeUow precipitate of 
phosphate of silver. , 

(2) Sulphate of magnesia, and ammonia, give a white pre- 
cipitate of triple or ammonio-magnesian-phosphate NH^ MgPO^. 

Ptbophosphobic Acid. 

Symbol, H^PaOL. 

Description. — Cfan be obtained as crystals by evaporation in 
Tacuo. 

Preparation, — (1.) By heating the tribaslc phosphoric acid 
<H,POJ to 2130. Thus :— 

2HJP0, = HjO 4- H.PjO,. 
Water and pyrophosphoric acid resiilt 

(2) By acting upon pyrophosphate of silver (Ag^P^O^) with 
fiulphoretted hydrogen (H^S). Thus : — 

Ag^PjO^ + 2H,S = 2Ag,S + H,P 0,. 
Sulphide of silver and pyrophosphoric acid result. 

Test, — ^Nitrate of silver gives a white precipitate, but no pre- 
cipitate is caused by albumen and acetic acid. 

From the description of the foregoing substances, it will be 
fieen that there are three distinct forms of phosphoric acid — the 
meta, the pyro, and the tribasic, or ortho-phosphoric. Their 
modes of preparation have been already described, but they may 
also be prepared by acting upon phosphoric anhydride (PjO^) 
by different proportions of water (H^P) ^^ follows : — 

(PjOj +- H«0 = 2HP0, Metaphosphoric acid. 
Phosphoric acid -{ Pfi^ + 2llp = HJPjO^ Pyrophosphoric acid. 

(P3O5 4- SHjO = 2H3P040rthopho8phoric acid. 

It may also be shown that by heating the tribasic phosphate 
(HyP04,) and thus driving off a molecule of water, we can obtain 
the pyrophosphoric acid, (H^P^O , ),and by the action of heat upon 
this, with the loss of another molecule of water, we obtain the 
metaphosphoric acid, (HPO3). 

Phosphorus forms with hydrogen, three compounds, to all of 
-which tiie name of phosphuretted hydrogen is applied, viz. — 
Tri-hydride of phosphorus, PH, ^ 

Di-phosphorus tetra-hydride P^H^ >• Phosphuretted hydrogen. 
Tetra-phosphorus di-hydride P^Hj } 

PH3 Tri-hydride of phosphorus is a gas possessing a foetid 
garlic-like odour, and burning with a brilliant white flame, 
-with the formation of water and PjO^. 

Preparation. — 1, By heating hypophosphorous acid. Thus: — 
4H3PO3 H- heat = SHjPO^ + PH,. 
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Tribasio phosphoric acid and trihydrido of phosphoma 
result. 

2. By the action of canstic potash (EIHO) npon phosphoma 
(P) and water (H.0 ). Thus :— 

8KH0 4- 4P + 8H,0 = 3KPH,0, + PH, 

potassinm hypophosphite and trihydrido of phosphorus resnlt. 

This gas is prepared under water, but as each bubble rises, 
it takes fire spontaneously in contact with the air, forming whit& 
rings of phosphorus pentozide (Pfi^) expanding as they rise^ 
When perfectly pure, this PH, is not spontaneously combustible, 
but is usually so from the presence of the following compound. 

P^^. Di-phosphorus tetra-hydride is a colourless yery vola- 
tile liquid of high refractive power, and spontaneously inflam- 
mable. It can be prepared by passing PH3, through a tube 
4SOo1ed by a freezing mixture. 

P^Hj. Tetra-phosphorus di-hydride is a solid substance, and 
is prepared by passing P^H^, the liquid hydride into hydro- 
chloric acid (HCl). Thus :— 

SPfi^ = 6PH, + P^Hj. 

Tri-hydride of phosphorus and tetra-phosphorus di-hydride 
result. 

P^H, deposits gold and silver from their solutions, but doea 
not affect the salts of lead. 

Phosphorus with chlorine forms two compounds, viz. :^ 
PGI3. Phosphorous chloride, phosphorus trichloride. 
PGlg. Phosphoric chloride, phosphorus pentachloride. 

Phosphorous chloride PGI3, is a colourless, volatile, strongly 
fuming liquid, and is formed by passing chlorine gas over 
phosphorus. It gradually decomposes into hydrochloric acid, 
and phosphorous acid. It may also be formed by the spon- 
taneous combustion of phosphorus in chlorine gas. 

Phosphoric chloride PCl^, is a solid crystalline body, and de- 
composes by excess of water into hydrochloric acid (HGl), and 
tribasic phosphoric acid (H3PO4). It is prepared by passing 
excess of chlorine through the phosphorous chloride. Should 
water be present only in limited quantity, a liquid called 
phosphoric oxy-chloride, POLO is formed. Thus : — 

PC1« + H3O = 2H01 4- PCI3O. 

By bringing together nitrate of silver (AgNOg), and PCI3O, 
Thus :— 

3AgN03 + POI3O = AgjPO, + 3N0,01. 
we obtain phosphate of silver, and nitroxyl chloride. 

Phosphorus forms with iodine PI3 and PI., with bromine 
PBr^, and PBr^, and it bums spontaneously in those bodies. By 



the action of snlphnretted hydrogen (H^S) npon phoBphoric 
chloride FGlj, — a substance termed phospnoric snlpho-chloride 
PSGl, is obtained. 

Fhoephoms forms several compounds with solphnr, two of 
them P^sf and PoS<, corresponding in composition with the 
oxides FgOj, and PaO,. 

ARSENICUM. ARSENIC. 

Symbol, As. Combining weight, 75. Vapour density, 150. 

Description. — ^This substance closely resembles phosphorus in 
its chemical properties and in its modes of combination, but in 
its physical characters it presents a strong analogy to the 
metals ; a triad element ; rarely or never occurring native, being 
usually found in combination as mispickel, (FeAsS), a com- 
pound of iron, arsenic, and sulphur ; tin-white cobalt (Co As,), 
cobalt and arsenic ; cobalt-glance (CoSAs), cobalt, sulphur, and 
arsenic ; nickel-glance (NiSAs), nickel, sulphur, and arsenic ; 
kupfer-nickel (NiAs), nickel and arsenic ; arsenical nickel 
(NiAs^, nickel and arsenic. It is also contained in very small 
quantities in many mineral springs. 

Preparation. — By heating the arsenious tri-oxide (As^O,)- 
mixed with charcoal (C) in a closed crucible, of which the upper 
part is kept cooL Thus : — 

ASjOg + 80 = SCO + 2As. 
Carbonic oxide and arsenicum are formed, the latter of which 
condenses at the upper part of the apparatus as a brilliant steel- 
grey solid. When exposed to the air^ arsenicum tarnishes by 
oxidation. Its specific gravity is 5*7. Heated to dull redness 
it entirely volatilizes, without fusion, as a colourless vapour 
possessing the odour of garlic. 

If heated in the air, As bums with a bluish flame, forming 
ASjOg arsenic tri-oxide. 
T^ Compounds op Arsenic with Oxygen ase Two, viz.: — 

As^O, — Arsenic tri-oxide, arsenious anhydride. 

Aafi^ — Arsenic pent-oxide, arsenic anhydride. 

Absbnig Tbioxioe, Absenious Anhtdbide. 

Symbol, As^O,. Molecular weight, 198. Vapour density, 198. 

JOescription. — ^This substance occurs in two modifications, viz.: — 

1 The crystalline^ in brilliant octahedra. 

2. The Vitreous, without crystalline structure ; a semi- 
transparent glass-like solid, becoming opaque, like porcelain, 
upon standing. 

JPrq>aration.--(X) By burning arsenicum (As) in air. 

(2) By roasting arsenical ores and purifying by sublimation ; 
As^O, is very feebly soluble in cold water, and, even in 
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'boiling water has a tendency to float in film. With water, 
arseniooB anhydride forms arsenioos aeid (^AsOJ. Thus : — 

Ab.Oj 4- SHjO = 2H3ABO,. 

This acid has a feeole reaction, and dissolves in hydrochloric 
acid ; it is freely soluble in solutions of the alkalies, forming 
arsenites. All these soluble arsenites are fearfully poisonous* 

If AS3O. be heated to about 220''0, it volatilizes, forming a 
odourless. Inodorous vapour. 

The tests for arsenious acid may be divided into 8 groups :— 
(1) Solid ; (2) Liquid, and (8) Special. 

The solid tests are two in number : — 

(1) Arsenious acid, heated upon charcoal, emits an odour of 
igarlic. 

(2^ AS3O3 is heated in a reduction tube with black flux, t.e.^ 
driea carbonate of soda and charcoaL Metallic As is formed 
and condenses as a ring upon the cool part of the tube. 

The liquid tests are three : — 

(1; Sulphuretted Hydrogen (H„S) gives a ytUoa precipitate 
of sulphide of arsenic (As^S,^ soluble in ammonia. 

(2) Ammonio-nitrate of silver (made by adding just enough 
liquor ammonias to the nitrate of silver to precipitate the brown 
oxide of silver (Ag^O)), gives a canary yellow precipitate of 
arsenite of silver, (AgjAsOg) soluble in excess of ammonia. 

(8) Ammonio-sulphate of copper, (made by adding to the sul- 
phate of copper just enough liquor ammonisB to precipitate the 
pale-blue hydrated oxide of copper (GuH.O,)) gives k green pre- 
cipitate of arsenite of copper or Scheele's green (OuHAsO^ 
fioluble in excess of ammonia. 

The special tests are two :•— 

(1) Marsh's test. This consists in the decomposition of 
arsenious acid by means of nascent hydrogen. A suitable vessel 
is taken, and in it are placed some strips of zinc with water and 
sulphuric acid. Hydrogen is thus generated and escapes through 
a gas-jet with which the vessel is furnished. This gas bums 
with a very faint flame when a light is applied, the result of its 
combustion being only a few drops of water. The arsenious 
acid is now added to the contents of the vessel. The hydrogen 
flame is converted into arseniuretted hydrogen, (AsH.), and 
bums with a deep blue flame. A white porcelain plate is 
now placed over this last flame, and a deposit is formed which 
may be divided into three rings. Thus : — 

A central ring consisting of metallic arsenic, a ring round 
this consisting of a mixed deposit of As and As^Og, and an external 
ring of AsgOj. This deposit is soluble in a solution of ohlori- 
oiated lime. 
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(2.) Reinseh's test. This consists in boiling bright strips 
of copper in an arsenical solution previously acidulated by 
hydrochloric aoid. The metal arsenicum becomes deposited upon 
the strips of copper, which are then withdrawn and placed in 
a reduction tube with the same result as has been described 
above under the solid tests. 

Absenic Pxntozide. Absenio Anhtdside. 

Symbol, Asfi^. Molecular weight, 230. 
Deaeription^ — ^A white deliquescent non-crystalline powder, 
decomposing when strongly heated into arsenious anhydride 
(ASjO^ and oxygen (0.) 

Preparation, — By actmg upon As^Oa with strong nitric aoid 
(•HNO3). Thu»- 

AS3O3 + 2HN0, = H3O + NjO, + AsjOj 
water, nitrogen triozide, and arsenic anhydride are formed. 
As^O^ dissolves in water, and forms arsenic acid, HjAsO.. 
Thus— 

ASjO^ + 3H,0 = 2HyA.s04. 
This acid may be also prepared by the action of dilute nitric 
acid upon As,0,. Thus— 

AsjOj + 2HjO + 2HNO3 = NjOj + 2HyA.sO^ 
nitrogen trioxide, and arsenic acid are formed. 
With nitrate of silver, arsenic acid g^ves a choeolate'red pre- 
cipitate of arseniato of silver. 

H^AbO^ is a poison, but less energetic than HjAsO,. 

AbSENIC with GHLOBI2nS 

forms 
Absekious Ghlobidb AsGlg. 

This substance can be prepared — (1) by the combustion 
of arsenicum in chlorine gas, or (2;, by distilling As with mer- 
curic chloride (HgCL). Thus— 

4As + 12HgCL = 12HgGl + ^AsGl, 
mercurous chloride and arsenious chloride are formed. 
Corresponding compounds with bromine (AsBr,), iodine 
(Asl,) and fluorine (AsF,), are also known. 

Absenic wcth Htdbogek 

forms 

Abseniubeited Htdbogek, AsHg. 

This gas has been, to some extent, described under Harsh's 
test. Its preparation may be expressed as follows— 

ZujAs, + 2BLSO4 = SZnSO^ + AsHj. 
Arsenite of zinc and sulphuric acid yield sulphate of zinc and 

arseniuretted hydrogen. 

E 
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Arsenic with snlphnr forms three eompounds: 

(1) Di-arBeaicom di-solphide, As^S,, occurring native in 
mby-red crystals^ as *< Realgar.'* 

(2) Arsenious snlpblde, Ab^S,, called also <' Bolph-anenioiia 
anhydride " and occurring native as a yellow Bolid or " Orpiment.'* 

(S) Arsenic sulphide ABj^S^, or ^' sulph-arsenie anhydride "; a 
yellow substance obtained by fusing sulphur (S,) withAs^S,. 

A general chemical analogy between nitrogen, phosphorus 
and arsenic, will be observed m the examination of their oxides, 
hydrides and chlorides, viz. — 

NA P,0, Ab,0,. 

N,0. P.0« As^,. 

NH, PH. AsH,. . 

NOl,? POl, AsOIj. 

BORON. 

Svmbol, B. Combining weight, 11. 

iJescription, — A triad element ; never native ; is found united 
with oxygen and sodium, as borax ; and with oxygen alone as 
boron trioxide ; occurs in three modifications — 

(1) Amorphous boron, a dull j^ey powder, which when 
strongly heated in air bums to bone oxide (B3O0). 

Prepared by heating the fused boron trioxide (B.fl^) with 
metallic sodium (Na). Thus — 

BjO, + 6Na = 8Na.O + 2B. 
Soda and (amorphous) boron result. 

(2) Graphitoidcd boron, in scaleB with graphite-like lustre. 
Prepared by heating boron trichloride (BGl,), with aluminium 

(Al> Thus— 

2A1 + 2BC1, = 2AIOI3 -h 2B. 
Chloride of aluminium and (graphitoidal) boron result. 

(3) Diamond boron, in square octahedra of cupreous lustre ; 
hard enough to scratch a ruby. 

Prepared by heating boron tri-oxide (B^O,) with aluminiom 
(Al). Thus— 

B»03 + 2A1 = ALO. + 2B. 
Alumina and (diamond) ooron result. - 
Boron, when heated strongly in chlorine or oxygen, takes fire, 
forming the chloride or oxide. It is remarkable for uniting 
directly with nitrogen, which gas it absorbs when red hot with 
the evolution of light, forming— 

BOBOM NXTBIDB. 

Symbol, BN. 

This is a grey mass, and may also be prepared by heating 
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borax (Na^^O,) with chloride of ammonium (NH4CI). 
Thus— 

NaJB.O^ + 4NH,C1 = 2NaCl + 2HC1 + 7H,0 + 4BN. 
Chloride of sodium, hydrochloric acid, water, and boron nitride 

are formed. 

Boron with Ghlobinb 

forms a liquid called 

BoBON Tsi-Chlobide. 

Symbol, BCI3. 

Prepared from boron trioxide (B3O3), chlorine (CI), and car- 
bon (G), at a bright red heat. Thus — 

Bfi^ + 601 + 30 = 300 + 2BOI3. 
Carbonic oxide and boron trichloride result. 

BOBON WITH FlUOBINE 

forms 
BoBON Tri-Fluoride. 
Symbol, BFj. 

An irritating, colourless, irrespirable gas, fuming in air; 
with water it forms 

Hydbo-fluo-bobic Acid. 
Symbol, HBF^. 
Thus— 

4BF3 + 3HJ0 = H3BO3 4- 3HBF,. 

Boracic acid and hydro -fluo-boric acid result. 

BoBON WITH Oxygen 

forms 

BoBON Tbioxide. Boracic Anuydbide. 

Symbol, B^Oj. Molecular weight, 70, 

This fuses to a glass, which retains its clearness on cooling. 
It is prepared by heating boracic acid (HgBOa). Thus — 

2H3BO3 = 3H,0 + BA. 
Water and boron trioxide result. 
With Wateb B^Og 
forms 
Boric or Boracic Acid. 
Symbol, H3BO3. Mdlecular weight, 62. 
Description, — A tribasic acid, crystallising in pearly plates 
from the solution as it cools. 

Found in the fumeroUes or soffioni (steam jets), which are 
constantly escaping from the earth in old volcanij districts of 
Tuscany, and which collect in the lagoons at the mouth of these 
jets. The boracic acid is concentrated by the heat of the natural 
steam jets, and the acid obtained by crystallisation. 

Tinkal or sodium borate also occurs in California and Thibet. 
A solution of H36O3 in alcohol, when ignited, communicates a 
green colour to the flame. 

E 2 
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This acid is slightly soluble in cold water, but rather more so' 
in hot water. 

Boracic acid may also be prepared by the addition of hydro- 
chloric acid (HCl) to a hot solution of borax (Na^B^O^).- 
Thus— 

Na^B.O^ + 2H01 + 6H2O = 2Na01 + 4H3BO3. 

Chloride of sodium and boracic acid result. 

BOBAX. BiBOBATB OF SODA. 

Symbol, NajB^O^, lOH^O. 

As has been stated above, this substance is a compound of 
sodium boron and oxygen. It is a native salt, but can be- 
artificially prepared by heating together boracic acid (H3BO3), 
and carbonate of soda (Na^GO,). Thus — 

4H3BO3 + Na,003 = 6HjO + COj, + NajB^O,. 

Water, carbonic anhydride, and borax result. 
Borax is much used as a blow-pipe re-agent in the laboratory ,. 
since many metallic oxides are soluble in fused borax, yielding 
coloured glasses as follows— 



Ohronium (Or) 

Cobalt (Co) 

Nickel (Ni) 

Copper (Cu) 



Iron 



(Fe) 



Manganese (Mn) 



Silver (Ag) 
Gold (A 
Platinum (Pt) 



.u)| 
Pt)) 



BoBAx Beads. 

Oxidizing, 
or Outer Flame, 



Hot, 

Green 
Blue 

Violet 

Green 



Brownish- 
red 

Amethyst- 
red 
or Violet 
Yellowish 
to Opal 



Cold. 

Green 
Blue 
Reddish- 
brown 
Blue 



Light 
yeUow 

Amethyst- 
red 

Rather dull 



Bedueinff, 
or Inner Flame, 



Cold. 

Green 

Blue 

Grey and 

turbid 
Brownish' 
red from 
Metallio Ga 
Bottle- 
green 
on cooling) 
Colourless 
quite dear) 

Whitish- 
grey 
Are reduced in all flames, the An showing- 
blueish-green by transmitted light, and red' 
dish by reflected. 



Hot. 

Green 

Blue 

Colourless 

Colourless 



Red 

(Yellowish 
Colourless 
(but not 

Colourless 
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SILICON. 

Symbol, SL Combining weight, 28. 

Description. — ^A tetrad element; never native, but combined 
with oxygen as silica (SiO A Exists nearly pore in rock crystal 
•or qnartz, in sand, flint, and many minerals ; also fonnd combined 
with the metals and oxygen, as silicates. The most abundant 
•element known next to oxygen. There are three modifications 
^f silicon, viz. — 

(1) Amorphous silicon, — A brown powder, only acted upon by 
hydrofluoric acid (HF), which dissolves it. 

Prepared by acting upon silico-fluoric acid ((HF)2,SiP^), with 
metallic potassium (K.). Thus — 

(Kr)2,SiF^ H- 4K = 6KP + Si. 
Fluoride of potassium, and (amorphous) silicon result. 

(2) GraphUoidcd silicon, — Hexagonal platos with metallic 
lustre. 

Prepared by fusing the amorphous form with aluminium (Al), 
and dissolving the latter in hydrochloric acid. 

(3) Adamantine silicon, in steel-g^ey crystals, hard enough to 
.-scratch glass. Prepared by heating aluminium (Al), in the 

vapour of silicon tetrachloride (SiCL). Thus — 

3Si01, + 4A1 = 2Mfil^ -j- 2Si. 
Chloride of aluminium and (adamantine) silicon result. 

Silicon with Oxygen 

forms 

Snjcic Anhydride, Silicon Dioxide, ok Silica. 

Symbol, SiO,. Molecular weight, 60. 

Description, — A snow-white, gritty, insoluble powder, almost 
infusible, but soluble in hydrofluoric acid (HF)i Prepared by 
heating silicic acid (H^SiO.). Thus — 

HgSiOa + heat = B.fi + SiO,. 
Water and silica are formed. 
SiO, also exists in a crystallised form, as white transparent 
• quartz. 

Silica with "Water 
forms two acids, viz. — 

(1) Meta-silicic acid (SiO- -f H„0 = H-SiOy) 

(2) Ortho-siUcic acid (SiO, + 2H,0, = H, SiO). 

Meta-silicic Acid. 
Symbol, HjSiO^ 

Description, — A clear limpid fluid, with a tendency to become 
.-gelatinous. 

The chief agent in petrifaction. 
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Preparation.— By acting upon potassium silicate (KjSi(>3), 
by sulphuric acid (H-SO.) Thus — 

KjSiO, + 2Ha = 2KC1 + H^SiOy 
Chloride of potatoium, and meta-silicic acid are formed. 
This acid must be prepared by 

Dialysis. 

By this term is implied a process used in chemistry for the 
separation of bodies. It is dependent upon the fact that all 
crystallisable substances, termed crystalloids, will pass in solution 
through a parchment paper ; whilst all gum-like amorphous 
substancestermed^o/^id!;, such as gelatinous-silicic acid, will not 
&o pass. 

The dialyzer used in this process consists of a fiat sieve, or- 
drnm, constructed of parchment paper into which the substances 
are thrown, the drum being then floated upon a large surface of 
water. 

Ortho-Silicic Acn>. 

Symbol. H^SiO^. 

A white and gelatinous substance, when first precipitated 
and soluble until evaporated to dryness. 

Prepared by leading silicon tetra-fluoride (SiPJ into wtoter. 
Thus— 

SSiF^ + 4H2O = 2H2SiFg + H^SiO,. 
Ortho-silicic acid is formed, tofl^ether with a new aoid, H^SiFg,. 
to which the name of hydro'fluo-sUicic acid is given. 

Silicon with Hydbogen 
forms 

SlLlOlURBTTED HyDBOOEN. SiLICON HyDBIDE. 

Symbol, SiH,. 

Is a colourless gas, inflaming spontaneously in the air, and 
forming water and silica, the latter separating as a white 
ring-shaped cloud. It is prepared by acting upon a com- 
pound, of magnesium and silicon (Mg^Si), with hydrochloric 
acid. Thus— 

MgjSi + 4H01 = 2MgCl3 4- SiH.. 
Chloride of magnesium and silicon hydride result. 

Silicon with Chlobine 

forms 
Silicon Tetbachloride. 

Symbol, SiOl^. Molecular weight, 170. Density, 85. 
A colourless, pungent, irritating liquid, formed when silicon - 
is heated in chlorine, but may also be prepared by passing dry 
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eUorine over a red-hot mixtiire of carbon (C), and finely divided 
flUica (SiO^). Thns^ 

4a + 20 + SiOj = 200 + SiOl^. 
Oarbonic oxide and silicon tetra-chloride result. 
By passing dry hydrochloric-acid gas over silicon, heated to 
dull redness, a new substance is formed, termed 

Silicon Ohlobofobm. 
Symbol, SiHOly 
Analogous in composition to ordinary chloroform (OHOI3). 
This is very inflammable, and bums with a greenish flame, 
evolving white clouds of silica. By water it is decomposed 
into a white powder, aiUeon-formic-anhydride (Si^H^Oj). 

SlUOON WITH FluOBIKB 

forms 
Silicon Tbtba-fluoridb. 
Symbol, SiF^. Molecular weight, 104. Density, 52. 
Deseriptwn, — A colourless, pungent gas, fuming strongly in 
air, always formed whenever hydrofluoric acid comes in contact 
-witii silica. 

Preparation, — By heating fluoride of calcium (OaF,) with 
sand (SiO„), and sulphuric acid (HoSOJ. Thus — 

20aFj 4- SiO, -f- 2H2SO4 = 2CaS0, + 2B^0 + SiF^. 
Sulphate of lime, water, and silicon tetra-fluoride, are formed. 
This substance is decomposed by water, but may be collected 
over mercury, or by displacement. 

A corresponding compound of silicon with bromine is also 
luiown, called silicon bromide^ SiBr^. 

With sulphur, silicon forms silicon sulphide (SiS»), a white, 
earthy mass, decomposed by water into sulphuretted hydrogen, 
and ortho-silicic acid. 

SELENIUM. 
Symbol; Se. Oombining weight, 79*5. Density, 79-5. 
Description. — A brownish-red, semi-transparent substance, 
with a metallic lustre, closely allied to sulphur in its properties. 
A dyad element, and only found in small quantities. When burnt 
in the air it gives ofiF an odour of decaying horse-radish, and ex- 
hibits a bright blue flame, which displays magnificent bands in 
the spectrum. The Tai>our condenses to red flowers. 

Preparation. — By acting upon selenious acid (H^SeOj) with 
water (H^O), and sulphurous anhydride (SO.). Thus — 
H^, + 2S0. -f. H-O = 2HjS0^ + So. 
Sulphuric Acid and Selenium are formed. 

SSLSNIUM with OxTOEN 

forms two oxides, viz. — 

(1) SeOj. Selenium dioxide. 

(2) SeOj. Selenium trioxide. 
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Selbnium Diozidb. 

Symbol, SeO,. Molecular weight, 111*5. 

Description.'^A. white, orystalline mass, soluble in water. It 
may be prepared by buming eeleninm in air, or| oxygen, or by 
the oxidation of this substance by nitric acid. 

Sblknioitb DioxmB with Watbb 

forms 

Selenious Acid. 

Symbol, BLSeO- 

A powerful acid, resembling sulphuric. 

Selenium Tbioxidb. 

Symbol, SeO^ 
Has never been isolated, but an acid is known, called— 

SELEiac AoiD. 

Symbol, H^SeO^. 

This is also like sulphuric acid. In the reducing flame of 
the blow-pipe, it emits the odour of selenium, tt is a solvent 
of gold, but not of platinum. 

Preparation, — By the addition of sulphuretted hydrogen 
(HjS), to selenate of lead (PbSeOJ. Thus— 

PbSeO. + H.S = PbS + H^SeO.. 
Sulphide of lead is lormea, and upon evaporatmg the solution, 

selenic acid is left. 

Selenium with Htdbogbn 

forms 

Htdbogem Selbnidb, Sblbniubbttbd Htdbooen. 

Symbol, H,Se. Molecular weight, 81*5. Density, 40-75. 
Description. — ^A colourless, inflammable gas, with a nauseous 
smell, exciting catarrh, and destroying the sense of smelL 
Decomposes metallic solutions, like sulphuretted hydrogen. 

Preparation. ^From selenide of iron (FeSe), by the action of 
sulphuric acid (H^O^). Thus — 

FeSe + HjSO^ = FeSO^ + H,S. 
Sulphate of iron, and seleniuretted hydr^en result. 

TELLURIUM. 

Symbol, Te. Combining weight, 129. Density, 129. 

Description. — Avery rare substance of silvery, brittle, metallic, 
appearance. Is found combined with gold, silver, and bismuth, 
in Transylvania and Hungary. When administered internally, 
it communicates to the breath a garlic odour. 

Tellurium dissolves in cold, concentrated, sulpburio acid, to 
which it imparts a fine purple colour. It forms witii oxygen, 
two oxides. 



(1) Tbllcxiuk Dioxidk. 

Symbol, TeO, 

f onnad wlien tenorium ia oxidised by nitrie aeid. 

TeO^ with water, forms Tellubous Acid (H,TeOJ. 

(2) Tellubiux Tbioxidk. 

Symbol, TeO,. 

Forms, with water, Tbllubic Acid H^TeO^ -f 2H,0. 

WrcH HTDRoexir, Tellukium 
forms 
Tellubbtibd Htdrooest. 
Symbol, H,Te. 
A eolourless gas, smelling exactly like salphnretted hydrogen. 



It win be noticed thatoxygen, snlphnr, selenium, and teUuriom, 
each miite with two atoms of hydrogen, to prodace an analo- 
goos series of bodies, yiz. — 

H3O; H,S; H^; H,Te. 

And of the tiiree, solphnr, seleninm, and teUnrinm, the 
mean of the combining weight of the extremes is nearly that 
of the mean, Yiz«— 

2 
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THE METRIC SYSTEM OF WEIGHTS AND MEASURES^ 

The metre is a unit of length, equal to a little more than one 
yard, yiz., 39-87 English inches. Its length is arbitrary, but a 
standard metre has been prepared, and of this copies are in^ 
use. The French geometricians first 'intended that the length 
of this metre should haye some reference to the circumference- 
of the earth, and they, therefore, caused a standard to be made 
having the length of the lo a^ ooo °^ ^^® distance from the- 
oquator to the pole. It has been subsequently proved that the 
metre is not qu* j, «ilthough very nearly, the lo oo\> p oo part of 
this distance. 

The metre is divided into tenths, decimetres, hundredths,. 
centimetres f and thousandths, millimetres. The multiples of the 
metre, tens, hundreds, and thousands are termed decametresy 
hectometres, and kilometres respectively. 

We can easily obtain the measures of area and capacity, and 
thus we have square metres, and square deci-, centi* , and milli-^ 
metres ; and also cMc metres and cubic deci-, centi-, and 
milli-metres. 

10 decimetres 1 metre. 

100 centimetres „ 

1,000 millimetres „ 

100 square decimetres 1 square metre. 

10,000 „ centimetres ... „ 

1,000,000 „ millimetres „ 

1,000 cubic decimetres 1 cubic metre. 

1,000,000 „ centimetres 

1,000,000,000 „ millimetres 

The litre is a term used to denote 1 cubic decimetre, which is- 
rather less than a quart English. 

The arrangers of this system were desirous of obtaining & 
simple relation between the measure of volume and that of 
weight, and they, therefore, took as their unit of weight the 
weight of 1 cubic centimetre of water at the temperature of A9 
centigrade, and they called this a gramme. Like the metre, 
this gramme is divided into tenths, hundredths, and thou- 
sandths, called dec!-, centi-, and milH-, gram ; the tens, hun- 
dreds, and thousands are called deca-, hecto-, and kilo-, gram. 
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MEASUREMENT OF TEMPERATURE, 

We ascertain the measnrementB of oliangeB of temperature* 
1>y the expansion or contraction which hodies nndergo by alter- 
nations of temperature. Liquids are generally nsed for this 
parpose, since gases expand too much, and solids too little. 
We commonly employ alcohol and mercury, especially the 
latter, since its rate of expansion is almost uniform, and be- 
cause it boils at a very high temperature (850°), and freezes at 
a comparatively low one (—39*4°), and is, therefore, capable of 
measuring a large range of temperature. We use alcohol for 
the measurement of very low temperatures, since it has never 
been frozen. It is only in very delicate experiments in physics 
that air thermometers are employed. 

The Mebcusial Thermometer. 

To prepare this a straight piece of glass-tubing is taken,, 
with as uniform a bore as possible, and a bulb is blown upon the 
end. The bulb and the whole of the tube are filled witn mer- 
cury, and heated to the highest temperature we require to 
measure. The open end of the tube, full of mercury, is then 
completely closed, the glass being melted before the blowpipe. 
We now have to graduate the thermometer, and this is per- 
formed as follows — 

(1) The bulb and stem are plunged into findy-powdei'ed 
melting ice, and the stem marked at the point where the mer- 
cury stands. 

(2) The bulb and stem are immersed in the steam given off ' 
from water boiling in a metallic vessel^ and the stem marked 
where the mercury then stands. 

There are three therm ometrio scales at present in use, each 
of which can be expressed in terms of the other, viz. — 

1. Centigrade. 

2. Fahrenheit. 

3. Reaumur. 

In the Centigrade scale, the zero is placed at the freezing 
point, and the boiling point at 100°, so that between these two- 
points there are 100 degrees. Above the boiling and below the 
freezing points divisions equal in size are continued, those 
below the freezing point being distinguished by a minus sign,, 
viz., — 1°0, — 2°0, &c. 
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In the Fahrenheit scale the freezing pomt is fixed at 32^, 
and the boiling point at 212°,, so between these points there 
:are 180 degrees. 

In the JRSaumtir scale we have 80° between the boiling and 
freezing points. The freezing point is zero, and the boiling 
point 80°. 

The numbers 9, 5, 4 consequently express the relation be- 
tween degrees Fahrenheit, Centigrade, and Reaumur. Now, 
180° Fahrenheit equals 100° Centigrade, i^, 1° F= (-Jfg) ^ C ; 
-and 1° C = (^) I F. We, therefore, multiply Fahrenheit de- 
grees by ^ to reduce them to Centigrade, and Centigrade degrees 
hj f to reduce them to Fahrenheit. But while on the centi- 
grade scale the zero is at the freezing point of water, on the 
Fahrenheit scale it is at 32°. We must, therefore, add or sub- 
tract 32 according to circumstances, in order to obtain the 
same starting point. In short-— 

(1) In converting Fahrenheit into Centigrade degrees, sub- 
tract 32 from the number of the degrees, and multiply the re- 
mainder by f . 

(2) In conyerting Centigrade to Fahrenheit degrees, multiply 
ithe number of degrees by f , and add 32 to the product. . 

To take examples : Alcohol boils at 173° F, what is this on 
the Centigrade scale? 

178° - 82 = 141°, and 141° + f = 78-3° C. 

Again, mercury freezes at — 39*4° C, what is this on the 
Fahrenheit scale ? 
— 39-4° 4- 1 = — 70-9° and — 709° -f 32 = — 38-9° F. 



EXPANSION OF GASES BY HEAT. 

Qases expand much more for equal increments of heat than 

•solids or liquids; aU gases expand alike or nearly so, while 

solids and liquids all expand differently. Exact and labourious 

^experiments have shown that all gases expand -^^ part of their 

volume at 0° C for every increase in temperature of 1° Centi- 

fgrade. 

273 volumes of air or Hydrogen at 0°C. 

Become 274 „ „ 1° C. 

„ 276 „ „ 2°C. 

„ 276 „ „ 3°C. 

Or 273 + t - - t°C. 
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The corresponding decimal fraction to ^fj is 0*008,665 ; 1 
Tolnme of air at O^C becomes 1*008,665 yolnmes when heated 
to 1° G. The co-efficient of the expansion of gcues is the name 
given to this fraction. Suppose we wish to know the volnma 
which ] ,000 cubic centimetres of H measured at 0^0 will 
occupy when the temperature is raised to 20^, we hare an 
alteration in bulk in the ratio of the numbers 278 to 278 + 20. 
We, therefore, multiply 1,000 by 298, and divide by 278. 
Should we wish tok^ow what volume 1,000 cubic centimetres, 
measured at 20<>C, will occupy when the temperature sinks to- 
O** ; we know that diminution in volume follows the same law ; 
therefore, 298 volumes at 20<' will become 273 volumes at 0^. 



RELATION OF VOLUME OF GASES TO PRESSURE, 

Gases are known as compressible bodieSy because when they 
are subjected to pressure their volume becomes less, and upon 
the withdrawal of the pressure they again expand. Solids and 
liquids cannot be compressed in the same way, and are hence 
called incompressible, Boyle's or Mariotte's law states that the 
volume occupied by any gas is inversely proportional to the pressure 
to which it is svhfected. The volume 1 under pressure- 1 be- 
comes the volume 2 under the pressure i, the volume 3 under 
the pressure ^, the volume ^ under the pressure 2, and the 
volume ^ under the pressure B, and so on. 



DIFFUSION OF GASES. 

When gases are mixed together, and do not combine chemi- 
cally, they have the power of becoming intimately mixed to- 
gether, even when the heavier gas is placed at the bottom, and 
both remain undisturbed. This property illustrates the diffusive 
potter of gases. The rate of di£Fu8ion is subject to variation. A 
bottle of carbonic acid lost only 47 per cent, of gas when left 
exposed to the air in the same time that a bottle of hy- 
drogen lost 94*5 in the same way. Gaseous diffusion will 
take place through such solids as stucco, or thin plates of 
graphite. Experiments show that the velocity of diffusion of 
different gases is inversely proportional to the square roots of their 
densities ; Oxygen being 16 times as heavy as hydrogen, 4 
volumes of the latter will pass through the diaphragm in the 
same time that one volume of the former will be able to do so. 

Jtnis of iPoTt L 
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PREFACE. 



The contents of the following pages are simply intended 
as an introduction to an elaborate, and, I may say, an 
almost unlimited science. They are simply an abstract 
of lectures delivered to my pupils during the last five 
ycara^ Many of the metals, as Vanadium, Titanium, 
Tungsten, and others, have been purposely omitted^ 
the endeavour having been, throughout the work, to 
embrace as many of the leading facts as possible, and 
to ignore all details of apparently minor importance. 

Contributions have been freely levied upon the 
admirable works of Miller, Fownes, Koscoe, Bemays, 
and especially upon the ''Chemia Coartata" of Pro- 
fessor Kollmyer, from whose ''Key to Modem 
Chemistry" I have derived much useful information 
concerning the tests for the metals. 

I am fully aware how infinitesimal is the amount 
of justice that it is possible to bestow upon the 
chemistry of the metals in the few following pages, 
and I can only hope that the present volume may 
prove serviceable to the tyro upon the threshold of his 
study. 

a E. A. s. 

8, TOBRIKOTON SgrARS, W.C. 
Mardi, 187a 
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THE METALS. 



There are no lass than 50 known metals, but inaamucli as 
8<>me of these are found only in very small quantities, and 
their properties are but little ascertained, the most important 
only will be considered in the following i>ages. 

All metals, except mercury, are solid at ordinary tempera- 
tures. They are cood conductors of heat and electricity ; 
many are susceptible of being polished, and of reflecting light ; 
in the latter quality giving rise to the so-called metollio 
lustre. They are usually dense and heavy, ductile, malleable 
and tenacious ; are all opaque, except in the very thinnest 
films, as with gold-leaf, through which light is capable of 
passage. They differ considerably from one another, both in 
chenucal and physical properties ; the lightest presenting the 
greatest uniting powers with oxygen; the heavier, tho re- 
verse. 

Jf a solution of a metallic salt be decomposed by elec- 
trolysis, tiie metal will invariably be found at the negative 
pole, proving that metals are electro-positive. A salt is 
formea by tibie junction of a metal with a non-meteUic 
element, and^ay be -defined as the union of an electro-positive 
with an electro-negative. 

If tiie name of the acid terminate in ou8, as sulphurous, 
nitrous, etc., the resulting salt is termed an ite. If the aoid 
terminate in ic, as sulphuric, nitric, etc., the salt then 
receives the name of ate; either being stib — mtmth^sesqtd — di— 
iri^te^a — sulphite or sulphate, according to circumstances. 

Those substances termed HcUoid 8alt9 have already been 
described under EDftlogens. 
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In the Fahrenheit scale the freezing point is fixed at 32^, 
and the boiling point at 212°, so between these points there 
«re -180 degrees. 

In the SSaumur scale we have SO^* between the boiling and 
freezing points. The freezing point is zero, and the boiling; 
point 80O. 

The numbers 9, 5, 4 consequently express the relation be* 
tween degrees Fahrenheit, Centigrade, and Reaumur. Now, 
180O Fahrenheit equals lOO^ Centigrade, t^., !<> F= (-^g) f C ; 
•4ind lo C = (4Sg) f F. We, therefore, multiply Fahrenheit de- 
grees by ^ to reduce them to Centigrade, and Centigrade degrees 
£y f to reduce them to Fahrenheit But while on the centi- 
grade scale the zero is at the freezing point of water, on the 
Fahrenheit scale it is at S2^, We must, therefore, add or sub- 
tract 82 according to circumstances, in order to obtain the 
same starting point. In short — 

(1) In converting Fahrenheit into Centigrade degrees, sub- 
ttract 82 from titie number of the degrees, and multiply the re- 
mainder by f . 

(2) In converting Centigrade to Fahrenheit degrees, multiply 
ithe number of degrees by f , and add 82 to the product. . 

To take examples : Alcohol boils at 178° F, what is this on 
the Centigrade scaJe? 

1780 - 82 = 1410, and 141° + f = 78-3o 0. 

Again, mercury freezes at ~ 89*4<* C, what is this on the 
Fahrenheit scale ? 
_ 89-4° 4- f = — 70-90 and — 70-9o + 82 = — 38-9«> F. 



EXPANSION OF GASES BY HEAT. 

Gases expand much more for equal increments of heat than 

^ solids or liquids; all gases expand alike or nearly so, while 

solids and liquids all expand differently. Exact and labourious 

-experiments have shown that all gases expand -^ part of their 

volume at 0^* C for every increase in temperature of 1° Centi- 

^grade. 

273 volumes of air or Hydrogen at 0° C. 

Become 274 „ „ l® C. 

„ 275 „ „ 20C. 

„ 276 „ „ 80C. 

Or 273 + t „ „ toe. 
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The corresponding decimal fraction to ^J^ is 0*003,665 ; 1 
Tolnme of air at 0°0 becomes 1*003,665 yolnmes when heated 
to 1° G. The co-efficient of the expansion of gases is the name 
given to this fraction. Suppose we wish to know the yolnme 
which ] ,000 cnbic centimetres of H measnred at 0°0 will 
occnpy when the temperature is raised to 20^, we have an 
alteration in bulk in the ratio of the nnmbers 273 to 273 + 20. 
We, therefore, multiply 1,000 by 293, and divide by 273. 
Should we wish to k^ow what volume 1,000 cubic centimetres, 
measured at 20*^0, will occupy when the temperature sinks to- 
0° ; we know that diminution in volume follows the same law ; 
therefore, 293 volumes at 20° will become 273 volumes at O^* 



RELATION OF VOLUME OF GASES TO PRESSURE. 

Gases are known as compressible bodies^ because when they 
are subjected to pressure their volume becomes less, and upon 
the withdrawal of the pressure they again expand. Solids and 
liquids cannot be compressed in the same way, and are hence 
called incompressible, Boyle's or Mariotte's law states that the 
volume occupied by any gas is inversely proportional to the pressure 
to which it is subjected. The volume 1 under pressure* 1 be* 
comes the volume 2 under the pressure |, the volume 3 under 
the pressure ^, the volume ^ under the pressure 2, and the 
volume ^ under the pressure 3, and so on. 

DIFFUSION OF GASES. 

When gases are mixed together, and do not combine chemi- 
cally, they have the power of becoming intimately mixed to- 
gether, even when the heavier gas is placed at the bottom, and 
both remain undisturbed. This property illustrates the diffusive 
power of gases. The rate of diffusion is subject to variation. A 
bottle of carbonic acid lost only 47 per cent, of gas when left 
exposed to the air in the same time that a bottle of hy* 
drogen lest 94*5 in the same way. Gaseous diffusion will 
take place through such solids as stucco, or thin plates of 
graphite. Experiments show that the velocity of diffusion of 
^afferent gases is inversely proportional to the square roots of their 
densities; Oxygen being 16 times as heavy as hydrogen, 4 
volumes of the latter will pass through the diaphragm in the 
same time that one volume of the former wiU be able to do so. 

jRnis of Part S* 
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In the Fahrenheit scale the freezing point is fixed at 32^, 
and the boiling point at 212°, so between these points there 
Are -180 degrees. 

In the SSanmur scale we have SO^* between the boiling and 
freezing points. The freezing point is zero, and the boiling 
point 60O. 

The numbers 9, 5, 4 consequently express the relation be- 
tween degrees Fakhrenhelt, Centigrade, and R^aomur. Now, 
180O Fahrenheit equals lOQo Centigrade, U., !<> F= (^^) ^ C ; 
4ind lo C r= (4S§) f F. We, therefore, multiply Fahrenheit de- 
grees by ^ to reduce them to Centigrade, and Centigrade degrees 
£y f to reduce them to Fahrenheit. But while on the centi- 
grade scale the zero is at the freezing point of water, on the 
Fahrenheit scale it is at 82°. We must, therefore, add or sub- 
tract 82 according to circumstances, in order to obtain the 
same starting point. In short— 

(1) In converting Fahrenheit into Centigrade degrees, sub- 
ttraot 82 from the number of the deg^rees, and multiply the re- 
mainder by f . 

(2) In converting Centigrade to Fahrenheit degrees, multiply 
ithe number of degrees by {, and add 32 to the product. 

To take examples : Alcohol boils at 173° F, what is this on 
the Centigrade scaJe ? 

178° - 32 = 141°, and 141© + f = 78-3o C. 

Again, mercury freezes at ~ 89*4c> C, what is this on the 
Fahrenheit scale ? 

- 89-40 4- f = - 70-90 and - 70-9° + 82 = - 38-9o F. 



EXPANSION OF GASES BY HEAT. 

Gases expand much more for equal increments of heat than 

•solids or liquids; aU gases expand alike or nearly so, while 

solids and liquids idl expand differently. Exact and labourious 

-experiments have shown that all gases expand -^ part of their 

volume at 0° C for every increase in temperature of 1° Centi- 

jgrade. 

273 volumes of air or Hydrogen at 0° C. 

Become 274 „ „ 1° 0. 

» 276 „ „ 20C. 

„ 276 „ „ 30 C. 

Or 2734-t „ „ toe. 
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The corresponding decimal fraction to ^ is 0*008,665 ; 1 
Tolnme of air at O^C becomes 1*003,665 yolnmes when heated 
to 1° G. The coefficient of the expansion of gases is the name 
given to this fraction. Suppose we wish to know the yolnme 
which ] ,000 cnbic centimetres of H measured at 0^0 will 
occupy when the temperature is raised to 20^, we hare an 
alteration in bulk in the ratio of the numbers 273 to 273 + 20. 
We, therefore, multiply 1,000 by 293, and divide by 273. 
Should we wish to k^ow what volume 1,000 cubic centimetres, 
measured at 20^0, will occupy when the temperature sinks to- 
0° ; we know that diminution in volume foUows the same law ; 
therefore, 293 volumes at 20° will become 273 volumes at 0^. 



RELATION OF VOLUME OF GASES TO PRESSURE. 

Gases are known as compressible bodies, because when they 
are subjected to pressure their volume becomes less, and upon 
the withdrawal of the pressure they again expand. Solids and 
liquids cannot be compressed in the same way, and are hence 
called incompressible, Boyle's or Mariotte's law states that the 
volume occupied by any gas is inversely proportional to the pressure 
to which it is subjected. The volume 1 under pressure^ 1 be* 
comes the volume 2 under the pressure |, the volume 3 under 
the pressure ^, the volume \ under the pressure 2, and the 
volume ^ under the pressure 3, and so on. 

DIFFUSION OF GASES. 

When gases are mixed together, and do not combine chemi- 
cally, they have the power of becoming intimately mixed to- 
gether, even when the heavier gas is placed at the bottom, and 
both remain undisturbed. This property illustrates tiie diffusive 
povber ofga^es. The rate of diffusion is subject to variation. A 
bottle of carbonic acid lost only 47 per cent, of gas when left 
exposed to the air in the same time that a bottle of hy* 
drogen lost 94*5 in the same way. Gaseous diffusion will 
take place through such solids as stucco, or thin plates of 
graphite. Experiments show that the velocity of diffusion of 
different gases is inversely proportioned to the square roots of their 
densities ; Oxygen being 16 times as heavy as hydrogen, 4 
volumes of the latter will pass through the diaphragm in the 
same time that one volume of the former will be able to do so. 

jRnis of Part S* 
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In the Fahrenheit scale the freezing point is fixed at 32<', 
and the boiling point at 212°, so between these points there 
«re 180 degrees. 

In the Reaumur scale we have 80<> between the boiling and 
freezing points. The freezing point is zero, and the boiling 
point 60O. 

The nnmbers 9, 5, 4 consequently express the relation be- 
tween degrees Fahrenheit, Centigrade, and R^anmnr. Now, 
180O Fahrenheit equals lOO^ Centigrade, tjt,, !<> F= (^\^) ^ C ; 
-and lo C =r (4J§) f F. We, therefore, multiply Fahrenheit de- 
grees by ^ to reduce them to Centigrade, and Centigrade degrees 
£y f to reduce them to Fahrenheit. But while on the centi- 
grade scale the zero is at the freezing point of water, on the 
Fahrenheit scale it is at 82<>. We must, therefore, add or sub- 
tract 82 according to circumstances, in order to obtain the 
same starting point. In short— 

(1) In converting Fahrenheit into Centigrade degrees, sub- 
tract 82 from the number of the degrees, and multiply the re- 
mainder by f . 

(2) In converting Centigrade to Fahrenheit degrees, multiply 
ithe number of degrees by {, and add 82 to the product. . 

To take examples : Alcohol boils at 178° F, what is this on 
the Centigrade scale? 

178° - 82 = 141°, and 141° + f = 78-8o C. 

Again, mercury freezes at — 89-4° C, what is this on the 
Fahrenheit scale? 

— 39-4° 4- f = — 70-9° and — 70-9° + 82 = — 38-9°F. 



EXPANSION OF GASES BY HEAT. 

Gases expand much more for equal increments of heat than 
^ solids or liquids; all gases expand alike or nearly so, while 
^ solids and liquids all expand differently. Exact and labourions 
^experiments have shown that all gases expand ^f^ part of their 
volume at 0° C for every increase in temperature of 1° Centi- 
tgrado. 

273 volumes of air or Hydrogen at 0°C. 

Become 274 » „ 1° C. 

„ 275 „ „ 20C. 

„ 276 „ „ 3°C. 

Or 273 4- t „ „ t<>C. 



61 

The corresponding decimal fraction to ^^ is 0*008,665 ; 1 
Toliune of air at 0^0 becomes 1*003,665 volnmes when heated 
to 1° G. The co-efficient of the expansion of gases is the name 
given to this fraction. Suppose we wish to know the yolume 
which ] ,000 cubic centimetres of H measured at 0°0 will 
occupy when the temperature is raised to 20°, we have an 
alteration in bulk in the ratio of the numbers 273 to 278 + 20. 
We, therefore, multiply 1,000 by 293, and divide by 273. 
Should we wish to k^ow what volume 1,000 cubic centimetres, 
measured at 20*^0, will occupy when the temperature sinks to- 
0^ ; we know that diminution in volume follows the same law ; 
therefore, 293 volumes at 20° will become 273 volumes at 0°. 



RELATION OF VOLUME OF GASES TO PRESSURE. 

Gases are known as compressible bodies, because when they 
are subjected to pressure their volume becomes less, and upon 
tiie withdrawal of the pressure they again expand. Solids and 
liquids cannot be compressed in the same way, and are hence 
called incompressible, Boyle's or Mariotte's law states that the 
volume occupied by any gas is inversely proportional to the pressure 
to which it is subjected. The volume 1 under pressure^ 1 be* 
comes the volume 2 under the pressure |, the volume 8 under 
the pressure ^, the volume ^ under the pressure 2, and the 
Tolume ^ under the pressure 8, and so on. 

DIFFUSION OF GASES. 

When gases are mixed together, and do not combine chemi- 
cally, they have the power of becoming intimately mixed to- 
gether, even when the heavier gas is placed at the bottom, and 
both remain undisturbed. This property illustrates the diffusive 
potter of gases. The rate of diffusion is subject to variation. A 
bottle of carbonic acid lost only 47 per cent, of gas when left 
exposed to the air in the same time that a bottle of hy- 
drogen lost 94*5 in the same way. Gaseous diffusion will 
take place through such solids as stucco, or thin plates of 
graphite. Experiments show that the velocity of diffusion of 
different gases is inversely proportioned to the square roots of their 
densities ; Oxygen being 16 times as heavy as hydrogen, 4 
volumes of the latter will pass through the diaphragm in the 
same time that one volume of the former wiU be able to do so. 

jRnis of Part S* 
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In the Fahrenheit scale the freezing point is fixed at 32^, 
and the boiling point at 212°, so between these points there 
«re 180 degrees. 

In the SSanmur scale we have SO^* between the boiling and 
freezing points. The freezing point is zero, and the boiling 
point 60O. 

The numbers 9, 5, 4 consequently express the relation be- 
tween degrees Fahrenheit, Centigrade, and R^anmnr. Now, 
180O Fahrenheit equals lOQo Centigrade, tje., !<> F= (^) ^ C ; 
:and lo C r= (^) ^ F. We, therefore, multiply Fahrenheit de- 
grees by ^ to reduce them to Centigrade, and Centigrade degrees 
£y f to reduce them to Fahrenheit. But while on the centi- 
grade scale the zero is at the freezing point of water, on the 
Fahrenheit scale it is at 82^. We must, therefore, add or sub- 
tract 82 according to circumstances, in order to obtain the 
same starting point. In short— 

(1) In converting Fahrenheit into Centigrade degrees, sub- 
tract 82 from tiiie number of the de£p:ees, and multiply the re- 
mainder by f . 

(2) In converting Centigrade to Fahrenheit degrees, multiply 
ithe number of degrees by {, and add 82 to the product. . 

To take examples : Alcohol boils at 178^ F, what is this on 
the Centigrade scale? 

1780 - 82 = 1410, and lil® + f = 78-8o C. 

Again, mercury freezes at ~ 89-4^ C, what is this on the 
Fahrenheit scale ? 

- 89-40 4- f = - 70-90 and - 70-9° + 82 = — 38-9o F. 



EXPANSION OF GASES BY HEAT. 

Gases expand much more for equal increments of heat than 
r solids or liquids; all gases expand alike or nearly so, while 
: solids and liquids all expand differently. Exact and labourious 
-experiments have shown that all gases expand ^^ part of their 
volume at 0^ C for every increase in temperature of 1^ Genti- 
jgrade, 

278 volumes of air or Hydrogen at 0^ C. 

Become 274 „ „ I^ ^' 

» 276 „ „ 20C. 

„ 276 „ „ 80C. 

Or 273 4- t „ „ t^C. 
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The corresponding decimal fraction to ^J^ is 0*003,665 ; 1 
Toliime of air at 0^0 becomes 1*003,665 Yolomes when heated 
to 1° G. The co-efficient of the expansion of gases is the name 
given to this fraction. Suppose we wish to know the yolnme 
which ] ,000 cnbio centimetres of H measured at 0°0 will 
occupy when the temperature is raised to 20^, we hare an 
alteration in bulk in the ratio of the numbers 273 to 273 -f 20. 
We, therefore, multiply 1,000 by 293, and divide by 273. 
Should we wish to k^iow what volume 1,000 cubic centimetres, 
measured at 20<'C, will occupy when the temperature sinks to- 
0° ; we know that diminution in volume follows the same law ; 
therefore, 293 volumes at 20^ will become 273 volumes at 0°. 



RELATION OW VOLUME OF GASES TO PRESSURE, 

Gases are known as compressible bodies, because when they 
are subjected to pressure their volume becomes less, and upon 
the withdrawal of the pressure they again expand. Solids and 
liquids cannot be compressed in the same way, and are hence 
called incompressible. Boyle's or Mariotte's law states that the 
volume occupied bjf any gas is inversely proportional to the pressure 
to which it is subjected. The volume 1 under pressure* 1 be- 
comes the volume 2 under the pressure |, the volume 3 under 
the pressure ^, the volume ^ under the pressure 2, and the 
volume ^ under the pressure 3, and so on. 

DIFFUSION OF GASES. 

When gases are mixed together, and do not combine chemi- 
cally, they have the power of becoming intimately mixed to- 
gether, even when the heavier gas is placed at the bottom, and 
both remain undisturbed. This property illustrates the diffusive 
povber of gases. The rate of dififusion is subject to variation. A 
bottle of carbonic acid lost only 47 per cent, of gas when left 
exposed to the air in the same time that a bottle of hy* 
drogen lost 94*5 in the same way. Gaseous diffusion will 
take place through such solids as stucco, or thin plates of 
graphite. Experiments show that the velocity of diffusion of 
different gases is inversely proportional to the square roots of their 
densities ; Oxygen being 16 times as heavy as hydrogen, 4 
volumes of the latter will pass through the diaphragm in the 
same time that one volume of the former wiU be able to do so. 

iTmis of Part S* 
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LITHIUM— (Uthos, a Bione). 

Symbol, LL Combining weight, 7. Specific gravity, 0*59. 

Deacripiion, Sources, etc — ^A aoft reddish-white metal. 
The lightest solid known ; prepared by the decomposition of 
the fused chloride bv electricity. It occurs in two minerals 
called spodumene and petalUe, and in small quantities in 
almost all waters, in tobacco, milk, and human blood. 

All the volatile compounds of li^um give a splendid crim- 
son to flame, and the spectrum presents one bright red line 
by which the minutest toice of lithium may be detected. 

AMMONIUM— (From Jupiter Ammon). 

In all the ammoniacal salts the existence of a quasi-metal 
Ammonium (NH4) is supposed, since, if we substitute this for 
an atom of sodium or potassium in the alkaline salts, a 
corresponding ammonium salt is obtained. Thus — 

Potassium Chloride KCl. 
Potassium Nitrate KNO.^ 

Potassium Sulphatefr^ > SO4. 



Potassium Hydro- K I q 
sulphide H ^ ^• 



Ammonium Chloride NHJDl. 

Ammonium Nitrate NH4NOS. 

NH ) 
Ammonium Sulphate^|T^ [ SO4. 

Ammonium Hydro- NH. ) « 
sulphide H \^' 



The radical (NHJ in the free state is a dark-blue liquid 
possessing a metaluo lustre, but only existing under very 
nigh pressure, and at a very low temperature, and readily 
decomposing into hydrogen (H), and ammonia (NH3). 

An amalgam of ammonium may be obtained by placing 
sodium amalgam (NaHg) into a solution of chloride of 
ammonium (NH4CI), when chloride of sodium (NaCl) is 
formed, and the liberated ammonium combines with the 
mercury to form a light bulk^ ^netallic mass (NH4Hg) 
which rises to the surface of the liquid, but soon decomposes 
into mercury (Hg), hydrogen (H) and ammonia (NH3). The 
decomposition may be represented thus^- 

NaHg + NH4CI - NaCl + NH4Hg. 
Sodium amalgam and chloride of ammonium yield chloride 
pf sodium and ammonium amalgam. 

Ammonium Chlobide. Sal- Ammoniac, NH4CI, 

Occurs in white tough fibrous masses, diifficult to powder, 
but easily soluble in water ; on heating it entirely volatilises 
without fusion. It is prepared by (1) neutralising the 
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smmoiiiacal liqnor of the gas-works with hydrochloric acid ; 
or, <2) by sabmniiig sulphate of ammonia [(NH4>,S04] with 
eommon salt (NaCl). Thv 



(NH4)sS04 + 2Naa - Na^SO^ + 2NH4a. 
Sulphate of sodium and chloride of ammonium result. 

Ammonium Cabbonate, (NH4)2C03, 

Is a very unstable substance, decomposing in contact with 
air, with evolution of anmionia. 

It is prepared by submitting chloride of ammomum 
(NH4CI) and chalk (CaCOs) to suUimation. Thus^ 

2NH4CI + CaCOs - CaCl, + (NH4),C03. 
Chloride of calcium and carbonate of ammoma are formed. 
This (NH4),C03 absorbs water and carbonic acid gas from 
the air and passes into the 

Ammonium Hybbooen Cabbonate or Bicabbonate of 

Ammonia, NH4HCO3. 

This occurs in large crystals, soluble in eight parts of water,, 
and is isomorphous with the corresponding potassium com- 
pound. 

Ammonium Nitrate, NH4NOS, 

Occurs in long transparent elastic needles, very soluble ixk 
water,' and when heated above 230** C. decomposes into water 
(H.0) and nitrous oxide gas (N3O). It is prepared by th» 
addition of nitric acid to ammonia. 

Ammonium Phosphate, (NH4)3P04, 

Is formed when ammonia and phosphoric acid are mixed in hot 
concentrated solutions from which, upon cooling, the salt 
crystallises out. Upon drying, one molecule of ammonium is 
losl^ and thus is obtained the salt (NH4)2HP04, upon boiling 
which another molecule of ammonium disappears and w» 
obtain the salt NH4H2PO4. Upon ignition all these salts 
leave a residue of metaphosphoric acid (HPO3). 

Microcosmic salt or ammonium sodium hydrogen phosphate, 
l^H4NaHP04 is much used for blow-pipe expenmenta. 

Ammonium Sulphate, (NH4)sS04, 
Occurs in long flat six-sided prisms, very soluble in water. It 
is prepared by the addition of sulphuric acid to gas- water. It 
is also a native salt, and is much employed as a manure and 
for the manufacture of alunu 
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Amvokium Sulphide, (KHJ^S. 

Thia fabstance separates out in colourless crystals, when 
dry sulphuretted hyorogen gas and excess of dry ammoniacal 
gas are brought togetiier at 18° 0. At the ordinary tem- 
perature this substance loses NH. and becomes converted into 
a crystalline mass of the hydroBvlphide NH^HS, a volatile body, 
and very prone to decompose into ammonia and sulphuretted 
hydrogen. An aqueous solution is much used as a reagent, 
lliis u obtained hy saturating aqueous ammonia with sul- 
phuretted hydrogen. The colourless solution soon becomes 
yellow from the ^rmation of polysulphides of ammonium. 

TevUfor tJie Ammonium Compounds — 

<1) Ail the salts are white, are volatilised by heat^ and 
if heated with caustic potash, soda, or lime, yield ammonia 
gas, known by its pungent odour and alkidine reaction on 
litmus. 

(2) Perchloride of platinum gives a yellow precipitate of 
ammonio-platino-chloride (NH4rt0l6). 

(3) Nitrate of silver and a solution of arsenious acid with 
liquor ammoniac (NH4HO) gives a yellow precipitate. 

(4) Nessler's test consists in the addition otcaustic potash 
(KHO) together with a solution of mercuric iodide (Hgl^) 
and potassium iodide (KI) to a solution containing ammonia 
or any of its salts ; a brown colouration or precipitate is 
instantly produced which consists of dimercur-ammonium- 
iodide, Tnus~ 

4KI + 2HgIa + NH, + 3KH0 - 2H,0 + 7KI 

+ ifHgal, H,0. 

This is a most delicate test. 



nJ 



Hydboxylamike, NH.0 or N < H 

(oh 

This substance may be regarded as an intermediate compound 
between ammonia and water, or as ammonia NH, in which 
one atom of H is rei)laced by hydroxyl (OH). It acts as a base 
and unites with acids to form a well-defined series of salts. 
An aqueous solution of hvdrozylamine has been prepared, 
and forms an inodorous, colourless liquid with strong alkaline 
reaction, but hydroxylamine itself nas never as yet been 
isolated. It may be prepared synthetically by the direct 
cmion of nascent hydrogen (II) and nitric oxide (N,0,). Thus— 

N,0, + 6H - 2NH,0. 



tt ft 

tt tf 
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The following are the best known salts of hydroxylamine. 

KRmOIlCi Hydrochlorate of Hydroxylamine^ 

(NHsO),H^04 Sulphate 

NHjOHNO, Nitrate 

(NH,0),H,P04 Phosphate 

C.XSIIJM— (Giesius, sky-blue), and Rxtbzdiuh— (Rubidus, 

dark-red). 

These metals were discovered by spectrum analysis. They 
were originally found in the mineral water of Durckheim, but 
since then have been discovered in many other springs, in 
varieties of mica, as well as in the ashes of several plants, as 
the beet-root, tobacco, coffee, mpes. They are prepured by 
decomposing their fused chlorides by means of electricity. 

Caesium may be separated from rubidium by takins ad- 
vantage of the greater solubility of the acid tartrate of the 
former. Caesium gives two bright lines in the blue of the 
spectrum. Rubidium gives two bright lines in the red and 
two in the blue of the spectrum. 

Oenerai Cfharacteristics of the Metals of the JUxiUes* 

All the metals of this group are monads. Are soft, volatile at 
high temperatures and easily fusible. They combine very 
energeticaily with oxygen, and decompose water at all tem- 
peratures with the formation of basic oxides, which are freely 
soluble in water, producing powerful caustic alkaUne sub- 
stances termed hydroxides from wluch it is impossible to 
expel water by heat. Each metal forms only one chloride, 
and their carbonates are solubleln water. 

Sodium (23), which in its properties stands between ]^otas- 
sium (39) and lithium (7), has a combining weight which is 
the arithmetio mean of the other two. Thus— 

39+7 

GROUP II.— THE METALS OF THE ALKALINE 

EARTHS. 

Calciuk. Strontiuh. Barium. 

CALCIUM— (Calx, lime). 

Symbol, Ca. Combining weigh^ 40. Specifio gravity, 1*58. 

DeacripUan and Sources^ — ^A light yellow metal, readily 

«zidiziDg. When heated in the air it bums with a bri^t 
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^hite light forming lime (CaO), the only oxide. In com- 
bination calcium forms whole mountain chains, and under the 
forms of limestone, chalk, and gypsum is very extensively 
diffused over the earth. 

Preparation, — (1) By passing an electric current through 
the fused chloride (CaCls). 

j(2) By heating the iodide of calcium (Cal]) with sodium 
(Na), 

Calcixtm with OXYGEN' f orms 
Calcium Oxide. Lime, CaO. 

Description. — A .white caustic infusible substance giving an 
intense white light in the oxyhydrogen flame. 

Preparation. — (1) Bjr heatine limestone (the carbonate) 
CaCOg in kilns hy the aid of coal mixed with the stone. Car- 
bonic anhydride (COj) escapes, and quick or caustic lime 
remains. 

(2) By heating carbonate of lime (CaCO,) to redness. Thus — 

CaCOa + heat - COj + CaO. 
Lime combines very readil]^ with HgO, giving out great 
heat, and precipitating a white powder called slaked Ume 
(CaHgOs) or calcium hydroxide. This is slightly soluble in 
water, one part dissolving in 730 parts of cold, but only in 
1,300 of boilmg water, and forming lime-water , which has a 
great power otabsorbing carbonic acid from the air. Mortar 
is a mixture of slaked lime, water and sand, the lime 
gradually combining with the silica. Hydraulic mortars 
harden under water, and are prepared by heating impure 
lime containing clay and silica ; silicate of lime and alumina 
form upon moistening the powder, which then sets to a solid, 
and is unaffected by water. Lime is used in agriculture, 

(1) To destroy excess of vegetable matter in the soiL 

(2) To liberate potash for the use of plants by decomposing 
the silicate in heavy <clay soils. 

Calcium Carbonate, CaCOj, 

Occurs widely diffused as chalk, limestone, coral and marble ; 
also crystalline as Iceland spar (rhombohedral), and as 
arragonite (rhombic) ; this substance is therefore polymorphous 
or crystallisins in different systems. 

CaCOs is almost insoluble in pure water, but if the water 
contain carbonic acid it readily dissolves, causing temporarily 
Jiard iDoter. Upon boiling the water the carbonic acid is 
given off, and thus a crust of CaCOg is deposited. The for- 
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mation of thia cmst may be obviated by the addition of sal- 
ammoniac (NH4CI) to the water. Thus — 

CaCOj + 2NH4CI - CaCl, + (NHJ,CO^. 

Chloride of caldum and carbonate of ammonia are pro- 
daced. 

Water may be softened by suspending snfScient lime to 
neutralise the excess of CO^ in the water hardened by the 
dissolved carbonate. 

Calcixtm Sulfhate, CaS04, 

Occurs as a mineral Anhydrite and combiued with 2H,0 as 
gypsum and akUnuter. It is soluble in 400 parts of water, 
and forms a common impurity of spring water, causing p«r- 
manent hardness, since boiling will not remove it. Placer of 
Paris is formed by the application of moderate heat to 
gypsum which by this means loses its 2H2O, and upon again 
moistening, the 2H3O is again taken up, and the substuioe 
sets to a solid mass. 

Chloridb of Calcium, CaCl^. 

A soluble salt formed from limestone or marble (CaCO^) 
by the addition of hydrochloric acid (HCl). Thus — 

CaCO, + 2HC1 - COj + HoO -i-CaCl,. 

Carbonic anhydride, water, and chloride of calcium are 
formed. 

Upon evaporating the solution, colourless, needle-shaped 
crystals of CaCl, + OH^O, the hydrated chloride, are formed. 
Upon drying, this substance forms a porous mass which 
absorbs water very greedily, and is used for drying gases. 

Bleaching Powder, or Chloride of Limb. 

!C1 
QQ, has been described earlier ondez 

the bead of Chlorine. Other compounds of calcium are 

Calcium Fluoride, or Fluor Spar, CaF^. 
Calcium Phosphate, CajP^Og. 
Calcium Sulphide, CaS. 
Calcium Pentasulphide, CaSg. 

Tests for the Cakium Compounds — 

(1) The spectrum of calcium contains a nqmber of bright 
alines of wmch a green line and an orange line at about 
.an equal distance on each side of the somum line are the 
most characteristic. 
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(2) Any ialfc of calcinm held on platinum wire in a Buuen 
bumef flame acquires a bright orange tint. 

(3) Oxalate of ammonium gives a white i>recipitate of 
oxalate of lima. This is a very delicate test, since oy it the 
jTshzTi of a grain of calcium may be detected. 

STRONTIUM— (Strontian, a village in Scotland). 

SvmbolySr. Combiaingweight, 87'5. Specific gravity, 2*54. 

VucripUon, — ^A pale yellow metal, found only in a few 
mineral deposits, especially as the carbonate (Strontianite) 
and the sulphate (Celestine). It occurs also in small quan- 
tities in certain spring waters, and closely resembles calcium 
in its properties. 

Preparation, — By passing a current of electricity through 
the fused chloride (SrOl^). 

When heated in tiie air strontium forms 

STROKnuM MoiroxiDE, SrO. Strontu. 

DtKripUcn and Preparation, — ^A white substance obtained 
by decomposing the mtrate of strontia, (Sr2N0p by heat. 
With water it evolves ereat heat, forming the hydraie, 
(SrO •!- 9H9O), which is soluble in water and greedily absorbs 
carbonic anhydride. 

The carbonate and sulphate of strontia are insoluble in 
water, and are employed in the preparation of the other salts 
of this metal. The nitrate of strontia (Sr2N03), and the 
chloride (SrCl]) are soluble in water, and are the only salts 
used in the arts, in which they are employed in preparing 
Bed Fires, ** Bed Fire " is composed of a mixture of 40 parts 
of Sr2N03, 10 of chlorate of potash (KClOg), 13 of sulphur (S), 
and 4 of tri-sulphide of antimony (Sb,Ss). 

Teats for the StrorUium Compounds — 

(1) The salts of strontium tinge flame carmine-red. 

(2) The spectrum shows five or six lines in the red, and ^if 
with the high temperature of the blow-pipe flame) one line m 
the blue. 

(3) Hydrofluosilicic acid gives no precipitate. (See Barium 
tests). 

(4) Sulphuric acid gives a white precipitate of sulphate of 
strontia, nearly as insoluble as sulphate of baryta. 

BARIUM— (Bams, heavy). 

Symbol, Ba. Combining weight, 137. Specific gravity, 1*5. 

Description and Sources, — A metallic powder of a pale 

yellow colour, closely resembling calcium and strontium in 

its properties. The most common minerals in which barium 
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oeenn are the snlphate, heavy spar, and the carbonate or 
WUherite. 

Preparation, — By passing a cnrrent of electricity through 
the fused chloride (BaClg). 

Babixtm yrrra Oxygen forms two oxides — 

(1) Bariam monoxide or baryta, BaO. 

(2) Barinm dioxide, BaO,. 

Babyta, BaO, 

Is a ffrey substance, prepared by decomposing the nitrate 
(Bi^NOs) by heat. It fuses at a hish temperature, takes 
up water with the evolution of great heat and the formation 
of a crystalline hydrate (BaH.Og + SHgO). This hydrate is 
soluble in twenty parts of cold water, and by exposure to air 
the solution absorbs carbonic anhydride and becomes milky. 

Barium Dioxidb, BaO^ 

A grey substance formed by gently heating baryta in a cur- 
rent of oxygen. It is used for preparing hydrogen dioxide 
(H,Oj), 

Barium Chloride, BaCIj. 

A soluble salt, and one of the most important salts of 
barium. May be prepared from barium carbonate (BaCOg) 
and hydrochloric acid (HCl). Thus — 

BaCO, + 2HC1 - CO, + HjO + BaCl^ 
It is much used as a precipitant of sulphuric acid. 

Barium Sulphate, BaS04, 

Occurs native as heavy spar. Specific gravity, 4*6. Is one 
of the most insoluble salts known, and may be prepared from 
a soluble salt of barium by the addition of sulphuric acid. 
Thus — 

BaCl, + H2SO4 - 2Ha + BaSO^. 
Hydrochloric acid and sulphate of baryta are formed. 

It is employed as a paint, termed blanc-Jixe, when pre- 
cipitated, and the native fieayy spar, when ground, is largely 
used as an adulterant for white lead. 

Other salts of barium are the nitrate (Ba2N03), a soluble 
salt ; tiie sulphide (BaS) (obtained by heating BaS04 with 
coal), decomposing when added to water into barium 
hydroxide BaHo^g* '^^ hydrosulphide of barium BaHsSj* 
both soluble. 

The carbonate (BaCO,), barinm silico-fluoride (BaF2SiF4), 
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and the phosphate (Bsl^VjO^) are insolable. The soluble aalttf 
of barium are poisonous. 

Tests/or the Barium Compounds — 

(1) The salts of barium tinge flame green. 

(2) The spectrum shows a series of bright bands in the 
green, and fainter bands in the red. 

(3) Hydrofluosilicic acid gives a white precipitate with 
barium, but none with strontium and calcium. 

General CharacterUUcs of the Metala of the Alkaline Earths. 

These metals are all dyads. They are irreducible by car- 
bon or hydrogen alone. They are capable of decomposing 
water at all temperatures, with the production of oxides, 
which in combination with water form nydroxides ; and from 
some of these it is possible to drive off the water by heat. 
Their carbonates are insoluble in water. Carbonates of lime 
and magnesia may be readily rendered soluble if the water 
contains excess of carbonic acid. 



GROUP III.— THE METALS OP THE EARTHS. 

There are no less than six of these, but the only one of 
importance is the following, viz. : 

ALUMINIUM 

Symbol, Al. Combining weight, 27*4. Specific gravity, 2*0. 

Description. — ^A silver-white metal, unaffected by air, 
extremely light, and consequently much employed for the 
manufacture of optical instruments. 

Aluminium is a triad element, and decomposes water at a 
very high temperature. 

Sources, — Found combined with oxvffen and silicon in 
large quantities in the older rocks, in rolspar ^a compound of 
silicon, potassium, aluminium and oxygen, SisAlKOg), in clay 
(silicate of aluminium), and in many crystalline minerals. 

Preparation,-^By passing the vapour of chloride of 
aluminium (AlsCle) ^^^^ metallic sodium (Na). Thus-^ 
A1,C1« + 6Na - 6NaCl + 2A1. 
Common salt and aluminium are formed. 

Aluminium Chloride, AIJCI^, 

Is a transparent, waxy, colourless substance, with crystalline 
structure, prepared by heating alumina (AljOg) and chareoal 
(C) in a current of chlorine (CI). Thus — 
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AljOp + SO + 6a - SCO + AlaCl^ 
Carbonio oxide and alnTnininm chloride are formed. 

AiiUMiNTirH Sulphate, Al, (S04'is, 

Occnra in soluble thin pearly plates, with sweet astringent 
taste and acid reaction. It is prepared by the action of 
sulphuric acid upon clay. 

Alumen— Alum, NH4AI (804), + 12H3O. 

This substance is a double sulphate of alumina and ammonia. 
It is prepared bj^ roasting alum-schist, which contains 
sulphide of aluminium. By the roastina and exposure to 
air tiie sulphide becomes sulphate, and thus sulphate of 
alumina is formed. A solution of sulphate of ammonia is 
now added, and the whole crystallises out as alum. 

IsoMOBPHLSM — {isos equal, morphe form). 

Those bodies are said to be Uamorphoua which crystallise 
in the same form, but differ in their chemical and physical 
properties. Alum may be taken as a type of these sub- 
stances, since the ammonium may be replaced by any other 
jiiirAHiMt metal. Thus — 

NH4Al(S04)a + 12HjO = Ammonia Alum. 

Na Al(S04)a + I2H2O - Soda Alum. 

U Al(S04)a + 12HaO - Lithia Alum. 

K A1(S04)3 + 12HaO - Potash Alum. 
Again, the sesquioxide of aluminium (AlaOs) may be replaced 
by tixe isomorphous sesquioxides of iron (FcaOg), of chromium. 
(CraOy), and of manganese (MnjOs). Thus — 

KH4Al(S04)a + 12HaO -» Alumina Alum. 
NH4Fe(S04)j + I2H3O - Iron Alum. 
KH40r(Sa|)9 + I2H3O » Chromium Alum. 
KH4Mn(S04)2+ I2H2O -- Manganese Alum. 

It maj here be explained that after stating tbat tho 
sesquioxides are substituted, we find Al, Fe, Cr, Mn, in the 
formulae, but it must be remembered that alum is really com- 
posed of (NH4)2S04 (sulphate of ammonia), and Al3(S04), 
(sulphate of alumina), and the original formula for this alum 
would be (NH4)^(S04)4 + 24H2O, but to simpUfy the 
equation we divide by 2 and obtain NH4A1(S04). + 12HgO. 

2—2 
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Aluminium with Oxtgbx forms 
Alumina. 

Symbol, Al,Og. Specific gravity, 3*9. 

The only known oxide, occarring native in the ruby and 
sapphire. Is attacked with difEiculty by acids, but the 
hydrate {Alfi^t^Hfi) is easily dissolved by acids and by 
fixed caustic alkidies. It is laivelv used in dyeing as a mordant, 
since it forms '' lakes" (insoluble compounds) with vegetable 
colouring matter, producing the so-called fast colours. By 
adding ammonia to a sSution of alum, the hydroxide 
(Al,0s,3H^0) falls down as a white precipitate, and this, upon 
heating, yields pure alumina as a white amorphous powder. 

Testa for the Aluminivm Compounds — 

(1) The caustic alkalies give white precipitates, soluble in 
excess. 

(2) Ammonia gives a white precipitate insoluble in exoess. 

(3) Any salt of aluminium, with a solution of cobalt, 
acquires an ultramarine blue colour before the blow-pipe. 

Glass, 
This is a compound produced by fusing the silicates with 
the alkaline metals. There are four varieties, viz. : 

(1) Orovm, window, and plate-glass, containing sodium and 
calcium silicates. 

(2) jBoA«m}a7>(72aM,containingpotassiumandcalciumsilicate8. 
^3) FUnt glass, or crystal, containing potassium and lead 

silicates. 

(4) Comnum green bottle-glass, containing sodium, calcium, 
iron, and aluminium silicates. 

The addition of oxide of lead increases the lustre of the 
glass, as well as its fusibility and specific gravity. 

Coloured Classes. 
Ferrous oxide (FeO) produces a deep green (bottle glass), 
and mansanese oxide communicates a purple tint to class. 
It is difScult to obtain materials entirely free from iron, 
which gives a green tinge ; in order therefore, to obtain a 
colourless glass, a small portion of 'manganese dioxide (MnO^) 
is added, and the violet colour thus formed being com- 
plementary to the sreen, a nearly colourless glass is produced. 
Arsenious anhydride ( AsjOs) wiU ensure the same end by con- 
verting tiie ferrous into ferric-oxide. " Paste " is a brilliant 
lead g^s, and upon the addition of certain oxides to this the 
colours of precious stones may be imitated. The blue of the 
sapphire is yielded by cobalt oxide ; a ruby-red by cuproaa 
oxide, whilst the yellow of the topaz is imparted by ferric oxide. 
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GROUP IV.— THE ZINC GROUP. 
Magnesium. Zinc, Cadmium. 

MAGNESnJM~( Magnesia, a town in Asia Minor). 

Symbol, Mg. Combining weight, 24 0. Specific gravity, 1 '74. 

Description. — A white, ductile, malleable metal, which fuses 
at a low red heat, and when soft may be pressed into wire. 
When strongly heated in the air it ignites and bums with a 
daEzlin^ white light, forming magnesia (MgO), the oxide. 
So rich la this light in chemicaQy active rays, that it has been 
nsed as a substitute for sunlight, and has been made available 
for photojgraphing the interior of the pyramids. This metal 
rapidly dissolves m sulphuric and hydrochloric acids, evolv- 
ing hydrogen. 

Sources, — Found in large quantities as the carbonate or 
dolomite in mountain limestone, combined with calcium car- 
bonate; also in certain mineral springs as sulphate and 
chloride, and in sea-water. 

Pre^ro^um.^By heating magnesium chloride (MgCl2) with 
metallic sodium (Na). Thus — 

MgCla + 2Na « 2NaCl + Mg. 
Common salt and magnesium are formed. 

Maqnksia, MgO. 

A soft, white, insoluble powder, known in medicine as calcined 
magnesia. It unites with acids to form the magnesium salts, 
fmd is prepared by heating the nitrate or carbonate. 

Magnesium Chloride, MgCl,. 

A white, crystalline, deliquescent, fusible salt, prepared by 
the addition of hydrochloric acid /(HCl) to magnesium car- 
bonate (MgCOj. ) Thus— 

MgCOo + 2HC1 - HaCOs + MgCLj. 
Carbonic acid and magnesium chloride are formed. 

Magnesium Sulphate, MgS04 + THjO. 

A soluble substance, known as Epsom Salts, occurring 
in right rhombic prisms. This salt forms with the alkaline 
sulphates, double salts in which the alkaline sulphate 
supplies the place of one molecule of water of crystallisation. 
Thus— 

MgS04, K3SO4 + 6H2O. 
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PreparaHotL^By the addition of stilphuric acid (HsSOJ 
to dolomite (CaCO^MgCO,). Thus— 

CaCOj, MgCO, 4- SH^O. - CaS04 + 200, + 2H,0 

+ MgS04. 
Sulphate of limei carbomo anhydride, water, and ma g ne i rinm 

sulphate result. 

Magnesium Carbonate, MgCO,. 

An insoluble compound, occurring as a mineral termed 
fiutanesUe, * * Mamesia alba " consists of a vary ins mixture of 
carbonate and hydrate of magnesia (MgCOyMgH^Os + 6H,0). 
Tests for the Magnesium Compounds — 

(1) Ajolj phosphate with a little ammonia gives a white 
precipitate of anmionio-magnesian phosphate, soluble in 
acids. 

(2) The salts are white, but when heated before the blow- 
pipe with nitrate o£ cobalt acquire a pink tinge. 

ZINC. 

Symbol, Zn. Combining weight, 65*2. Specific gravity, 

6-8 to 7-2. 

Description, — ^A blueish white metal, crsrstalline when 
broken transversely, and brittle at the ordinary temperature ; 
when heated to 130° C. it may be hammered easily, but if more 
strongly heated to 200° C. it a^ain becomes brittle. 

Zinc melts at 423° C. and boils at a bright red heat ; should 
air be present^ it ignites and bums with a luminous green flame, 
forming the oxide ZnO. Since neither moist nor dry air act 
upon zmc, this metal is used in the form of sheets as a pro- 
tecting covering for iron, which latter metal is then said to bo 
galvanized. One part of zinc and two of copper form brass, 
and an alloy of zinc, nickel and copper forms German silver. 

Sources, — The chief ores of zinc are the sulphide Blende, 
and the carbonate Calamine, 

Preparation. — The powdered ore (carbonate or sulphide) is 
roasted in order to convert it into oxide. Fine coal is then 
mixed with the roasted ore, and stronely heated in crucibles 
of a peculiar shape. Carbon monoxide is given off, and tho 
metallic zinc distuls over and is condensed. 

Zi-sc Oxide, ZnO. 

The only known compound of zinc with oxygen. It is an 
insoluble white amorphous powder, becoming yellow on heat« 
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ing, bnt losing that colour on cooling. It is used as a pigment, 
turned zinc white. 

It is prepared by (1) precipitating a soluble zinc salt with 
an alkab, or (2) by heating the carbonate. Thus— 

ZnCO, + heat - GO, + ZnO. 
Carbonic anhydride and zinc oxide are formed. 

Zinc Sulphate, ZnSO^ + 7HjO. 

Is called " white vitriol," and crystallises in long prisms. It 
is prepared by the action of sulphuric acid upon zinc Thus — 

Zn + H3SO4 - 2H + ZnS04. 
Hydrogen is evolved, and sulphate of zinc is fonned. 

Zinc Chlobide. ZnCl^. 
A whibe, fusible, deliquescent substance, prepared by the 
action of hydrochloric acid upon zinc. Thus — 

Zn + 2HC1 « 2H + ZnCla. 
Hydrogen and zinc chloride result. 

Zinc Sulphide, ZnS, 

Occurs as a mineral called Blende, It is formed when an 
alkaline sulphide is added to a soluble salt of zinc. 

Zinc Cabbonate, ZnCO^ 
An insoluble substance, occurring native as Calamine, May 
be prepared from sulphate of zinc (ZnS04), and carbonate of 
soda (NasGOa). Thus— 

Z11SO4 + NaaCOg - Na2S04 + ZnCOj. 
Sulphate of soda and zinc carbonate are formed. 
Tests for the Zinc Compounds — 

(1) Sulphuretted hydrogen gives a white precipitate in 
neulral solutions ; none in acid solutions. 

(2) Ferrocyanide of potassium gives a white precipitate. 

(3) Sodium carbonate, charcoal, and the blow-pipe give 
yellow (ZnO), which becomes white on cooling ; the latter, 
heated with cobalt nitrate in the outer flame of the blow-pipe, 
acquires a flne green colour. 

CADMIUM. 

Symbol, Cd. Combining weight, 112. Specific gravity, 8*6. 
A comparatively rare metal, occurring in small quantities 
in most zinc ores. It closely resembles zinc, but is more 
volatile, and distils over tirst in the preparation of that 
metal. 
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Cadmium is a white ductile metal which melts at 315** C. 
It takes fire when heated in the air, forming CdO, the brown 
oxide. The iodide of cadmium is sometimes used in 
photography, and the yellow sulphide has been used as a 
pigment. 

Test for the Cadmium Compounds — 

Sulphuretted hydrogen gives a yellow precipitate insoluble 
in alkalies. 

Qeneral Characteristics of the. Zinc Group, 
All these metals are dyads, are all volatile at high tem- 
peratures, and bum when heated in the air. They each form 
onl V one oxide and one chloride, and decompose water at a 
high temperature. 

GROUP v.— THE IKON GROUP. 



Manganese, i Iron. 
Nickel. j Chromith. 

MANGANESIUM. 



Ck>BALT. 



Symbol, Mn. Combining weight, 55, Specific gravity, 8'0. 

Description, — A reddish, lustrous, brittle metal, hard 
enough to scratch glass. Decomposes water at ordinary tem- 
peratures, with evolution of hydrogen. Must be kept under 
naphtha, as it rapidly undergoes oxidation in air. An alloy oi 
manganese and iron is mucui employed in the manufacture oi 
steeL Occurs in nature as the black and red oxide. 

Preparaiion. — Is obtained, but with difficulty, by heating 
the oxide very strongly with charcoal. 

The compounds of manganese with oxygen are. five in 
number, viz. : 

(1) Afanganous oxide'or fnanganous monoxide, MnO. 

(2) Manganic oxide or manganese sesqtUoxide, Mn^Os. 

(3) Afangano-manganic oxide or red oxide, Mnfi^ 

(4) Manganese dioxide or black oxide^ MnO]. 

(5) Manganese heptoxide, MujO^. 

Manganese Monoxide, MnO. 

A green powder, prepared by passing hydrogen gas (H) ovci 
the heated carbonate (MnCOj). Thus^ 

MnCOj + 2H - CO + HjO + MnO. 

Carbonic oxide, water, and mancanese monoxide are formed. 

This substance forms with acids the pink-coloured salts. 
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The chief soluble manganons salts are the Bvlphate 
MnS04 + 5H3O, and the Moridt MnOl^ + 4H3O. 

The chief insoluble manganous compounds are the flesh- 
coloured 8ulph»d6 MnS, and the earhonate MnCOs, a white 
powder. 

Manganic Oxide, MnjOg, 

Occurs in nature as. a mineral Braumie. It forms salts of 
somewhat unstable nature, the most important being the 
manganese alum, in which the AljO^ of the common alum is 
replaced by Mn^O^ 

Mangano-Manoanic Oxide, Mna04, 

Is a neutral body, occurring native as Hausmannite, and 
corresponding to tne magnetic oxide of iron. 

Manganese Dioxide, MnO^, 

Occurs in iiie minerals Pyrolusite and Varvacite^ and is the 
common black ore of manganese. It is much used for the 
preparation of oxygen and chlorine. 

Manganese Heftoxide, Mnj207, 

Is a dark green heavy liquid, prepared by the addition of 
strong cold sulphuric acid (H2SO4) to permanganate of 
potassium. This salt is easily decomposed by heat, with the 
evolution of oxygen which is rich in ozone. 

Manganic and Per3ianoanio Acids. 

These acids have never been isolated, but they are known in 
composition, for should a caustic alkali, sach as caustic 
potash (KHO), be fused with an oxide of manganese, a hrigM 
green mass is formed, and this, with water, will yield a dark 
green solution containing potassium mangancUe (K2Mn04). 
Upon standing, this dark green solution changes to a bright 
purple, and deposits the hydrated manganese dioxide. A new 
salt is now contained, viz. : potassium permanganate (KMn04). 
The following are therefore the theoretical formulae : 

Manganic acid H2Mn04. 

Permanganic acid HMn04. 
Teeitsfor the Manganesium Compounds : 

(1) The alkalies give ichite precipitates, becoming brown. 

(2) Sulphide of ammonium (NH4HS) gives a flesh-coloured 
sulphide. 
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(8) With bonuc bead before the blow-pip^, the salts form an 
amethyat-red in the outer flame, and a oolonrlen one in the 
inner. 

(4) These salts, when heated upon platinum foil with car- 
bonate of soda (Na,COs), jrield a bluish-green opaque, bead of 
eodiom manganate (Na,Mn04). 

FEBRUM— Ikon. 

Symbol, Fe. Combining weight, 66. Specific ^vity, 7*8. 

beecription, — ^A bright, white metal, exceedugly tongh, 
although soft. Pure metallic iron is found only in very snudl 
quantity, and almost alone composing the "Meteoric stones," 
which are supposed to be of extra-terrestrial origin. The 
chief ores of this metal are the iron-pyrites (FeS,), the mag- 
netic oxide (FcjOJ, red-hiematite and Elba-iron {Fefi^), and 
the carbonate, or clay-ironstone. 

In commerce, iron exists in three forms, viz. : 

(1) Wrought iron (nearly pure iron). 

(2) Cast iron (iron with yarying quantities of carbon and 
silicon). 

(3) Steel (iron with less carbon than that needed to form 
the ca&t variety). 

Pure iron, as powder, may be prepared by moderately heat- 
ing the oxide in a current of hydrogen gas, and since, when 
exposed to the air, finely divided iron takes fire, it is necessary 
to retain it in an atmosphere of hydrogen. 

After being uniformly hammered and broken, this metal 
presents a crystalline granular structure, which becomes 
fibrous when rolled into bars, and this fibrous texture, after 
long-continued vibration, returns to the original crystalline 
state ; hence the accidents that have taken place m>m the 
snapping of railway axles. 

Some of the compounds and the metal itself are highly 
magnetic, losing this property when red-hot, and receiving it 
again on cooling. 

Iron in a soUd mass will not tarnish in dry air, but when 
heated it oxidizes in black scales of oxide, and if more 
strongly heated it takes fire, forming the same black oxide. In 
water containing a trace of carbonic acid, iron gradually 
becomes coated with rust (FefifiMfi), but in pure water the 
metal remains unchanged. 

Iron Manufactubx. 
WrougJU'iron was at one time manufactured by reducing it 
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fiom its ore by hMtinff it with coal in a wind funuo ancl 
hammering out the resulting roongy mass. 

Hie present method coniists in first forming catt-trctk^ and 
separating out subsequently the carbon and silicon which it 
contains. The chief source of this cast iron is the clay-iron- 
stone (ferrous carbonate (FeCO,) united with silicate of 
alumina or olav). This is first submitted to roastinff, by 
which process tne carbonic acid is driven off and the lemc 
oxide formed, the ore being then thrown with coal and lime' 
■tone into a bloBt furnace^ the oonstruAtion of which is as- 
follows I ^ 

Thi Blart Furmacb 

Consists of a double cone of strong fire-brick, abont 50 foet in 
heiffht, and from 16 to 18 feet wide at the broadest part. It 
is closed at the bottom, air being blown in near that part in 
a powerful blast by means of tuyeres or pipes. The fnel and 
ore are thrown in at the top, the burning mass sinking down, 
and the molten mass being drawn off at the bottom. At the 
lowest part is the hearth, where the melted metal and fused 
slag ooilect; the latter, which swims upon the surface of 
the metal, runs continuously from an aperture in the upper 
part of the hearth, and the former is from time to time tapped 
from the bottom of the hearth and cast into pigs (as they are 
called) in moulds made in the sand. The ferric oxide, in 
passing from the top to the bottom of the furnace, is first 
reduced to porous metallic iron by the carbonic oxide caa 
generated from the burning coal ; then, meeting with the clay 
and lime-stone in a hotter part of the furnace, a slag or fusible 
silicate is formed, and the heated metal enconutoring carbon, 
unites with this to form cast-iron in a fusible form, the silica 
of which in the hottest part of the furnace is reduced to 
silicon, and thus cast-iron is formed. 

Cast-iron is not a definite chemical compound of carbon and 
silicon with iron, since the carbon may exist in it as scales of 
graphite, occasioninff the mottled cast-iron, or in combination as 
whUe east-iron. Sulphur and phosphorus are sometimes found 
in cast-iron, but these must be looKcd upon as impurities. 

WrougJU-iron is obtained from cast-iron by the process of 
"refining'' and "puddling." Here the carbon, silicon, 
phosphorus and sulphur arc burnt out by exposing the 
neated metal to a current of air in a reverberatory furnace, a 
coat of oxide aradually accumulatinffupon the melted cast- 
iron, which is then rolled into balls. The whole of the carbon 
passes off as carbonic oxide, the silicon being oxidised to 
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' silica^ which forms a fusible «lag by uniting with the oxide of 
iron ; the phosphorus and sulphur also undergo oxidation. 
The liquid sla^ is squeezed out of the balls by hammerings 
and the mass hnally rolled into plates or bars. 
' Although wrought-iron melts only at a very high tem- 
perature and with great difficulty, it becomes soft at a much 
lower one, and when hot possesses the property of "welding/* 
i.e,, two clean surfaces of hot metal when hammered together 
uniting firmly. 

Steel is formed by heating bars of wrought-iron to redness 
in contact with charcoal ; it is then found that the bar^ instead 
of being fibrous, has become fine-grained ; it is at the same 
time more flexible, and capable of taking a fine edge, is more 
fusible, and contains from one to two per cent, of carbon. 

The Bessemer Process 

Consists in burning away the whole of the silicon in cast- 
iron by means of a olast of air through the molten metal, and 
then adding sufficient pure cast-iron to yield enough carbon 
to oonyert the whole into steel. 



Iron is a tetrad element, and forms the following oxides. 
With all tetrads it will be obsoryed that the formulae are 
usuaUy written with half their molecular weight. Thus — 

Ferrous oxide FcO. 

Ferric oxide ... ... ... ... Fe^Oj. 

Black, or Magnetic oxide l^efi^. 

Ferrous Oxide, FeO, 

Has never been prepared pure, since it creedily absorbs 
oxygen, and forms higher oxides. It may be prepared as a 
white precipitate in total absence of oxygen, by precipitating 
a soluble ferrous salt by means of caustic alkali. If oxygen 
be present, a greenish precipitate is formed. With this oxide 
the ferrous suts are formed, the most important of which 
are — 

Ferrous Sulphate — Protosulphate of Iron, 

FeS04 + 7HaO, 

Commonly called green vitriol, or copperas. May be prepared 
(1) by the addition of sulphuric acid (H2SO4) to metallic iron 
(Fe). Thus— 

Fe + HySO^ » Ho + PeSO^. 
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Hydrogen and ferrons sulphate being formed ; or (2) by slowljr 
ozidifldng metallic iron (Fe) with iron pyrites (FeS)). Thns-* 

FeSa + Fe + 80 - 2FeS04. 

Febboxjs Chlobide, FeCls, 

May be prepared by passing dry hydrochloric acid gas (HCl) 
oyer hot metallic iron (Fe). Thus — 

Fe + 2HC1 - 2H + Feaj. 
Hydrogen escaping and ferrous chloride being formed. 

FsBBOirs Cabbonatb, FeCOs, 

Occurs as *a mineral, called spathose-iron-ore, and less purd 
in day ironstone. 

Ferrous Sulphide, FeS, 

Ts a black substance, obtained by fusing toother equivalent 
quantities of iron and sulphur. The disulphide FeS2 is found 
in large quantities. 

All the ferrous compounds are readily prone to oxidation, 
passing into the ferric salts. 

Ferric Oxide, TejO^ 

Sometimes called iron sesquioxide, occurs native as red- 
hffimatite, and specular-iron-ore ; with water it forms brown 
hsBmatite. May be prepared ( 1 ) by heating ferrous sulphate to 
redness, or (2) by adding liquor ammonite (NH4HO) to a 
solution of ferric cnloride (FeoClA Thus— 

Fejd« + ejra^HO - 6NH4CI + 3H2O + FeA- 
Chloride of ammonium, water, and ferric oxide are formed. 
With this oxide the ferric -ssilts are formed, the mosis 
important of which are the following — 

Ferric Chloride, FejCl^. 

Obtuned in anhydrous brilliant red crystals ; by (1) passing 
chlorine gas over hot metallic iron, or in a hvdrated form ; 
by (2) actmg upon ferrous chloride (FeCIs) witn a mixture of 
hydrochloric acid (HCl), and nitric acid (HNO3). Thus — 
6FeCl« + 6HC1 + 2HNO3 - NjOj + ffljO + SFejCle. 

Nitric oxide, water, and ferric chloride result. 
By passing sulphuretted hydrogen (HjS) through Fe^CL, 
a white precipitate of sulphur is produced, together with 
hydrochloric acid and ferrous chloride. Thus — 
FcjClg + HaS - S + 2HC1 + 2FeCIa. 



2 







Febric Sulphate, Ve.{BO^)„ 

Tr obtained as a buff-colonred amorphous mass by aetmg upon 
ferrous sulphate (FeSOJ with a mixture of sulphuric acid 
(H2SO4), and nitric acid (HNO3). Thus— 

CFeSO^ + 3H2SO4 + 2HNOs - 4HaO + NaOj + 3Fe2(S04),. 

The Maonetio or Black Oxide, Fe^O^, 
Occurs native as the mineral lode-stone, sometimes called 
errato-ferrie oxide. It is formed when iron is oxidised at a 
liigh tonperature in aqueous vapour, air, or oxygen. 

Ferric Acid, HjFeO^ ? 
Is only known in combination. By fusmg together nitrate of 
potash (EINO3), and ferric oxide (FeaOg), and placing the 
result in ice-cold water, a deep amethyst-coloured solution is 
produced, which contains potassium/errate (K^YeO^, 

TeaU/or the Iron Compounds — 

For ti^e Ferrow salts : 

These are of a Upht green colour, and in solution give — 

(1) With alkalies,^ a white precipitate turning greeni^ 
brown, 

(2) With ferrocyanide of potassium (K^FeCy^), a white pre- 
cipitatepassing through UgM blue to dark blue. 

(3) With ferricyamde of potassium (EjFeCye), ^ ^^^ ^^< 
precipitate. 

(4) With sulphuretted hydrogen (H2S), no precipitate. 

(5) With sulphide of ammonium (NH4HS), a olad^ pre- 
cipitate. 

(6) With sulphocyanide of potassium (ESCy), no precipitate. 

(7) With tincture of galls, no precipitate. 

For the Ferric salts : 

These are of a reddish-hroum colour, and in solution give— 

(1) With alkalies, Sk foxy-red precipitate. 

^2) With E^FeCyg, a Prussian Hue precipitate. 

(3) With KjFeCy^, no special precipitate, but ii8ii|Jly a 
green colour. 

(4) With H^S, a precipitate of sulphur (white), and the 
ferric salts are converted into the ferrous. 

(5) With KSCy, a blood-red precipitate. 

(6) With tincture of galls, a bluish-black precipitates 

COBALT. 
Symbol, Co. Combining weight, 68*7. Specific gravity, $-5. 
Dcteription, — ^A reddish-white, very tenaciomi metal, 
fitroDgly magnetic and infusible. Does not occur native, but 
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is found combined with snlphur and arsenic as tin-white 
cobalt (C0A83) and cobalt-glance (CoAsS). The cobalt com* 
poonds are characterised by their brilliancy of colour ; they 
give a splendid blue tint to glass, and are used as pigments. 
There are three oxides of cobut — 

(1) rnie monoxide CoO. 

(2) The sesquioxide Co20^ 

(3) An oxide €0,04. 

The monoxide, with acids, forms a series of salts which 
when hydrated are pink, and when anhydrous are blue. The 
sesquioxide forms no salts. 

There are two series of salts, the Cobaltous and Cobaltic. 

For the Cobaltous salts : 

(1) Liquor potass® giyes a blue precipitate turning red. 

(2) Liquor ammonise gives a blue, tumiug brown. 
<3) Ferrocyanide of potassium gives a greyish-greeu. 

(4) Sulphide of anmionium ^ves a black. 

(5) Garoonate of ammonia gives a pink. 

For the Cobaltic salts : 

(1) Liquor potass® gives a dark-brown. 

<2) liquor ammonias gives a brownish-red. 

(3) Sulphide of ammonium ^ves a black. 

(4) Carbonate of ammonia gives a green. 

Ck)balt salts with the borax bead on platinum wire yield a 
very characteristic blue bead. 

NICKEU 

Symbol, Ni. Combining weight, 58*7. Specific gravity, 8*8. 

DescriptUm. — A white, tenacious nfketal, strongly magoetic^ 
but losing this property when heated to 350°C. 

There are two oxides of nickel — 

(1) The monoxide NiO. 

(2) The sesquioxide Ni^Og. 

The monoxide gives rise to those nickel salts which posaess 
a green colour. 

Tests-- 

(1) Alkalies, anmionia, and carbonates give a pale apple- 
green precipitate. 

(2) t'errocyanide of potassium gives a green precipitate. 

(3) Sulphiae of ammonium gives a black precipitate. 
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CHROMIUM--(C7iromo, colour). 

Symbol, Cr. Combining weight, 62*2. Spiecific gravity, 6*8. 

Description, — The chitt ore of chromium is the chrome iron- 
stone FeOOraOs. 

The compoands of chromium are chiefly nsed in the arts as 
pigments, smce many of them possess fine bright colours. The 
green of porccdain is communicated by the sesquioxide (Cr2^s)* 
-Chromium is the most infusible of all the metals, but it has 
been obtained by another process in the form of bright 
crystals. 

There are four compounds of chromium with oxygen, viz. : 

(1) Chromium monoxide CrO. 

(2) Chromium ses<^uioxide ... ... Cr2CK. 

(3) Chromo-chromic oxide CrOCrjOg. 

(4) Chromium trioxide CrOj. 

Thd two first ondes are basic, and form corresponding 
salts. 

The third oxide corresponds to the magnetic oxide of iron, 
and chromium trioxide forms an acid with water — chromio 
acid (H»Ci04)— which neutralises bases forming red-or ydlow 
cplourea clut)mates. 

There are three potassium chromates known, viz. : 

(1) Neutral potassium chromate ... KjCrO^. 

(2) Potassium anhydro-chromate, or 

bichromate KsCrO^CrOy 

(3) Potassium dianhydrochromate or 

terchromate K2Cr042Cr03, 

Other salts of Chromium are the 
Chromic chloride, OrjCL, the chromic sulphate, Cr2(S04)3, 
both insoluble salts. The insoluble chromates are lead chro- 
mate, PbCr04, or chrome yellow ; silver chromate, AgaCM)^, 
a deep-red coloured salt, and barium chromate, BaCr04, a 
yellow insoluUe powder. Chloro-chromic oxide, CrOsCla is a 
volatile compound, intermediate between chrome trioxide and 
chromic chloride, and is a dark-red, strongly fuming liquid. 

Teats far the Chromium Compounds — 

For the Chromous salts : 

(1) Sulphide of ammonium gives a black precipitate. 

(2) Liquor ammoniad gives a blue precipitate, turning 
green. 

(3) Tungstic acid gives a blue precipitate. 

For the Cliromie salts : 

(1) Sulphide of ammonium gives a ffreyish-green precipitate* 

(2) Liquor ammonis gives a greyish-green precipitate. 

(3) Bfuium salts give pale yellow precipitates. 
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(4) Lead salts give bright yellow precipitates. 

(5) Mercnrous salts give brick -red precipitates. 

(6) Silver salts cive crimson precipitates. 

All the salts of chromium yield with borax and the blow- 
pipe an emerald-green glass in the reducing flame. 

General Characteristics of the Iron Group, 
These metals are all dyads, except iron, which is a tetrad. 
They decompose water, like the preceding class, form several 
oxides, chlorides, and sulphides, and are not volatile at the 
temperature of our furnaces. 

GROUP VI.—THE TIN GROUP. 

Although several metals belong to this group, tin is the 
only one employed in the arts, and is therefore the only one 
that will be here described. 

ST ANNUM (Stan, Saxm, a stone)— TiNr 

Symbol, Sn. Combining weight, 118. Specific gravitv, 7*3. 

Description, — A white metal, like silver, soft, and malleable, 
but possessing no tenacity. Emits a peculiar crackling when 
bent. Tin melts at 235°C., and does not lose its lustre on 
exposure to air, but when strongly heated it takes Are, a 
wlute powder (stannic oxide), or *' putty powder," being 
formed. Tin is a tetrad. 

Sources, — Metallic tin is not found native, and the tin ores 
are found only in a few localities. The chief sources are the 
Oomish mines, in which it occurs as tin-stone or tin dioxide ; 
but it is also found in Malacca, Mexico, and Borneo. It is 
common to find traces of copper, arsenic, and other metals in 
English tin. 

Preparation, — The tin ore is crushed and heated with char* 
coal and lime ; the tin then fuses out. 

Tin with Oxygen forms two oxides — 

(1) Stannous oxide, SnO. 

(2) Stannic oxide, SnOj. 

Stannous oxide (SnO) is a black powder, and forms with 
acids the stannous salts, the most important of which is 
stannous chloride, SnOla. This is termed '*the salts" in 
commerce, and is used as a ** mordant." Stannic oxide 
(SnOs) occurs as the native tin-stone, but it can be artificially 
prepared in two conditions, possessing entirely different 
properties. If nitric acid be added to tm, a white powder is 
produced which is insoluble in acids -, but if an idkaU be 
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added to stannic chloride, a white precipitate of stannic oxide 
results, and this is easily soluble in acids. The salts formed 
by the soluble stannic oxide are termed stannates,^ those 
produced by the insoluble oxide, meta-stannates. " Tin pre- 
pare liquor " is a sodium stannate (Na2Sn03,4H20. ) 

Stannic oxide forms with acids the stannic salts, the most 
important of which is the following : Stannic chloride 
(SnClJ. 

Two sulphides of tin also exist : 

(1) Stannous sulphide, SnS, a blackish-grey substance, and 

(2) Stannic sulphide, SnSj, a bright yellow crystalline 
powder called Mosaic gold. 

Tests for tlie Tin compounds — 

For the Stannous salts : 

(1) Sulphuretted hydrogen gives a dark brown precipitate. 

(2y Gold chloride gives the beautiful ** purple of Cassitta.** 

(3) The stannous salts have also the property of reducing 
other metallic solutions. Thus — 

HgCig + SnClj - HgCl + SnClg - He + Sna4. 

The mercuric chloride (HgClg) is reduced first to white 
mercurous chloride (HgCi), and finally to black metallic mer- 
cury (Hg), the stannous chloride (SnCl^) acquiring more 
chlorine, and pcassin^ into the stannic chloride (SnClJ. 

For the Stannic salts : 

(1) Sulphuretted hydrogen gives a yellow precipitate. 

(2) Gold chloride gives no precipitate. 

GROUP Vil. -THE ANTIMONY GROUP. 

Antimony. | Bismuth. 

Arsenic is often included in this class, but it has been deemed 
advisable to place it among the non-metallic elements, 

ANTIMONY— Stibium. 

Symbol, Sb. Combining weight, 122. Specific gravity, 6'7l. 
Description. — A blueish white, brittle, crystelline metal, 
melting at 450°C. It undergoes no change in the air at the 
ordinary jbemperature, but when heated strongly, takes fire, 
burning with a white flame, and giving off dense white fumes of 
antimonic oxide (SbsO^). It is unattacked by dilute sulphuric 
or hydrochloric acid, but is converted by nitric acid into 
white insoluble antimonic acid (HSbOg). Alloys of antimony 
are used extensively in the arts. The most important alloy 
is type metal (lead and antimony), which contains 17 to 20 
per cent, of antimony. 
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AimMONY WITH OxTOEN forms three oxides — 

(1) Antimomous oxide, or trioxide, SbaO,. 

(2) AntimoniouB-antimonic oxide, SbsOu 

(3) Autimonic oxide, or pentoxide, SbjOs. 
Antimonions oxide (SbaO^) sometimes called antimonions add, 
is a white powder, and eiyes rise to the salts of antimony 
used in medicine. It is best prepared by decomposing the 
antimonions chloride (SbOlj) with carbonate of soda (NajiUOj). 
Thus— 

2SbCl8 + SNajOOg = SCOo + 6NaCl + Sb^Og. 
Carbonic anhydride common salt, and antimomons oxidis 

result. 

Tartar emetic (ESbC4H407) is prepared from acid tartrate 
of potaali (KH04H40e) and antimomous oxide (Sb«0,), and 
may be regarded as acid tartrate of potash, the hydrogen of 
which 18 replaced by a radical SbO. Thus — 

Acid tartrate of potash — K H C^Hfi^ 
Tartar emetic - K(SbO)C4H40j. ^ 

Sowrces and Preparation, — Metallic antimony is fotmd 
native, but the chief ore is the trisulphide. By heating the 
sulphide with about half its weight of metallic iron, ferrous 
sulphide and metallic antimony are formed ; and the metal 
may be reduced' by heating the ore, mixed with coal, in a 
reyerberatory furnace. 

Antimonio oxide (called sometimes antimonic acid), Sb^Os, 
is a light straw-coloured powder, losing oxygen at a red heat, 
and being converted into an intermediate oxide, SbaOgjSbaOg, 
or 2Sb^O^. Antimonic oxide may be prepared by the action of 
nitric acid upon antimony, and yields monobasic salts termed 
antimoiiiates. It may also be prepared by decomposing the 
pentachloride with water, and in this mode forms dibasic 
salts, to which the name of met-antimoniates is given. 

Antimonious-antimonic oxide (Sb204) is prepared by heat- 
ine the metal in the air until no further change occurs. 

Metallic antimony, in fine division, takes fire spontaneously 
in chlorine gas. 

The chlorides of antimony are two in number : 

(1) Antimony tiichloride, SbCls, 

A battery mass, prepared by passing chlorine gas over aa 
excess of metallic antimony, and 

(2) Antimony pentachloride, SbCls, 

A 8iron|;ly fuming, mobile liquid, prepared by pouring excess 

of chlorine over the trichloride of antimony. 
There are two sulphides of antimony : 
The trisulphide, SbSa, and the pentasulphide, SbSg. 

3-2 
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aneminefcted hydrogen pLiU*). It is given off when zinc 
and a dilirte mineral acid are Dronght into contact with an 
antimony salt, exactly in the same manner a« araeninretted 
hydroi^ (AaH,) im prepared. 

T^/or the Antimony Compounds — 

(irSuphnxetted hTorogen gives an orange precipitate, 
soluble in snlphide of ammonium. (This is the only orange 
■nl^iide.) 

CSi The chloride thrown into water gives a white pre* 
cip<tate. 

(8) Zinc and iron reduce the antimonial salts to the metaUic 
state as a black powder. 

J 4) SbHg bums and deposits two rinos on a white plate 
4 m the flame. These rings are somble in sulphiae of 
ammonium, but not in a solunon of chlorinated lime, thus 
iltatitignialiing ^10 ^ from arseniurettcd hydrogen. 

(5) Idhision of cmchona, and any solution m tannic acid, 
proauces a copious dirty-brown precipitate with the salts of 
antimony. 



filSBIUTH CWismuth, German, a beautiful meadow). 

nbol, BL Gombinipg weifi^t, 210. Specific mtvity, 
Deecription, 8ouree$, and Preparation, — A pimkish white, 



Symbol, BL Gombinipg weifi^t, 210. Specific mvity, 9*8. 

Description, Sources, and PreparaHon. — A pi^dsh white, 

brittle, crystalline metal. Melts at 264''0, and volatilises at 



a white heat. When heated strongly it bums with a blue 
flame, and it takes fire when thrown mto chlorine gas. Some 
of the compounds are nsed in medicine, and some in the arts 
asjpigments. 

Bismuth occurs native in small quantities, but its chief ore 
is the sulphide. 

The metal may be procured by the simple oKpeaure of its ore 
to heat. It forms bivalent, trivalent^ and quinquivalent saltiL 

BisicuTH WITH OxTOEN forms two oxides— 

(1) Bismuthous oxide, BLOs* 

(2) Bismuthio oxide, BisOg. 

Bi«Og is a pale yellow powder, formed by roasting the 
metal in the air. BijOg is a reddish-brown powder, prepared 
by dissolving Bifi^ in potash and precipitatmg the bismnthio 
oxide by heat and nitnc acid. 

Sulphide of bismuth, Bi^ is an insoluble black substance. 
The mchloride, BiOlg, is formed b^ heating the metal in 
chlorine. The salts used in medicine are the subnitrate, 
BiN04.H,0, a soluble salt, the carbonate, 2(Bi,C05)HgOf and 
the oxide, BisOg, 
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TetUfor the Bismuth Compounds — 
.<1) Snlphnretted hydroffon gives a black precipitate. 

(2) Solutions of these siuts TOOome mUky upon the addition 
of water, insoluble basic compounds being formed. 

(3) Metallic bismuth is easily reduced from its compounds 
before the blow-pipe as a brittle bead. 

General Characteristics of the Antimony Cfroup, 
These metals are triads ; they form a junction line between 
the metaUic and the non-metallic substances, and are closely 
alli^ to phosphorus in their properties. 

GROUP VIII.— THE LEAD GROUP. 

LEAD— Plxtmbum (means something heavy). 

Symbol, Pb. Combining weight, 207. Density, 11*3. 

Descripiion. — A blueish white metal, so soft that it can 
be scratched with the nail, may be drawn out into coarse wire, 
or hammered into plate, but has little elasticity or tenacity. 
Lead melts at 334** C. It is a djrad metal. In dry air, the 
surface of the metal remains bright, but in moist air it soon 
tarnishes from oxidation, and the oxidising process proceeds 
rapidly if a small quantity of weak acid, such as carbonic or 
acetic acid, be present. Lead preserves its lustre in pure 
water freed from air ; but should air be present, then oxide 
of lead is formed, and by the solution of this in water 
successive portions of the metal are exposed for oxidation. 
Waters containing nitrates and chlorides, or muoh free car- 
bonic acid, are prone to impregnation with lead, but the hard 
waters in whicn are sulphates and carbonates may s^ely be 
brought in contact with the metal, since a thin deposit of 
carbonate or sulphate of lead is formed, which prevents f urtiier 
action. 

Sources. — Not found native ; chiefly obtained from the 
sulphide of lead or galena, PbS. 

Preparation. — ^By roasting calena in a reverberatory 
furnace with a small amount of lime to form a fusible slag 
with any silicious mineral matter present. A portion of the 
anlphideof lead is oxidised to sulphate (PbS04), another portion 
of sulphur comes off as sulphur dioxide (SOg), and oxide of lead 
(PbO) is left. The lead sulphate and lead oxide both decom- 
pose the remaining sulphide^ and sulphur dioxide and 
metallic lead remain. Thus — 

(1) PbSO. + PbS - 2Pb -I- SSOj. 

(2) 2Pb0 + PbS - 3Pb + SOj. 
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liBAD WITH OxYomr forms tluree compounds : 

il) PbO lead monoxide, litharge, a straw-coloured powder, 

(2r PbdL lead dioxide, the puce-coloured oxide. 

(3) PbjO* {2PbO + PbO,), red lead. 

PbO Utharge, or massicot, is prepared m scaly crystals 

(\\ bv heatinc the carbonate of lead to dull redness. Thus— 
(1) Dy neaiaug ^^^^ ^ ^^^ ^ ^^^ ^ ^^^ 

Or f 2^ by heating lead in a current of air. 

This oxide is wluble in caustic potash (KHO), and forms 
idth acids the important series of lead salts, most of which 
are white, and the soluble ones are poisons. With sihca, 
PbO forms an easUy fusible silicate or glass. 

PbOn the puce-coloured oxide, is prepared by (1) passing 

Or by (2) digesting red lead (Pb804) with nitnc acid (HKOg). 

'^'"''Pb.o, + 4HNO3 - 2H3O -H 2Pb2NO, + PbO^. 

Water, lead nitrate, and the puce-oxide are formed. PbO^ 
forms no salts with acids. .j * , 1.. 

Pb504 is prepared by heating the monoxide lor a long time, 
and thus acquiring more oxygen. Thus— 

3PbO + - Pb804. 

Lead nitrate, Pb2N08, is the most important of the soluble 
lead salts. It is prepared by dissolving the oxide, the car- 
bonate, or metallic Pb, in warm HNOj. It crystallises in 
octahedra, dissolves in eight parts of cold water, and when 

strongly heated yields NA* ,, , . , , , , 

Lead acetate, PbCCjHaOala, or sugar of lead, is also a soluble 

salt. 

Lead carbonate, PbCOj, occurs native as cerusite, and is 
insoluble. 

WhUe Lead is a compound of lead carbonate and lead 
hydroxide, and it may be represented by the formula 2PbCOs 
-h PbHaO^ 

Galena, or lead sulphide (PbS), is the chief ore of the 
metal, and is found native. It may be prepared as a black 
precipitate by passing H^ through a solution of a lead salt. 
Galena has a bright Sueish-white metsUlic lustre, and crystal* 
lises in cubes and octahedra. 

I^ad sulphate (PbSO^) is a white insoluble salt^ found 
SS^^t"* Ff«P»red artificially by adding H^04 to a soluble 

pad chloride, PbClj, is prepared by the addition of hydro* 
Hone acid to a solution of nitrate of lead. It dissolves in 
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thirty parts of boiling water, and appears as shining needles 
on cooling. 

Lead iodide, Pbis, is precipitated as beautiful yellow 
spangles by mixing together hot solutions of iodide of potas- 
sium and nitrate of lead, and allowing the mixture to cool. . 

Lead chromate, FbCrO^, is a yellow insoluble salt called 
chrome yellow. 

Tests for the Lead Compounds — 

(1) Sulphuretted hydrogen gives a black precipitate. 

(2) Alkalies give white precipitates. 

(3) Sulphuric acid gives an insoluble white precipitate. 

(4) Iodide of potassium gives a yellow precipitate. 

(5) Bichromate of potash gives a yellow precipitate. 

(6) Charcoal, sodium carbonate, and the blow-pipe yield 
the metal which is malleable. 

GROUP IX.— THE SILVER GROUP. 

OoFFEH. I Mercury. | Silver, 

COPPER— Cuprum (from Cyprus). 
Symbol, On. Combining weight, 63 5. Specific gravity, 8*93. 

Description. — A deep-red-coloured metal, very ductile and 
malleable, and possessed of much tenacity. Melts at a red heat, 
and slightly volatilises at a white heat, giving a green tint to 
tiie hydrogen flame when that gas is passed over it ; one of 
the best conductors of electricity and heat. This metal does 
not oxidise in pure dry or moist air at ordinary temperatures, 
but when heated to redness, it readily oxidises to scales of 
copper oxide. 

Brass is an^ alloy containing about | of copper and } of 
zinc. The yellow or muntz-metal contains 60 per cent, of 
copper, and is used fpr sheathing ships. Bronze, gun-metal, 
bell-metal, and speculum-metal are alloys of tin and copper 
in varying proportions. These alloys all possess the remark- 
able property of being hard and brittle when slowly cooled, 
but of becoming malleable and soft when suddenly cooled by 
being dipped when red-hot into cold water. 

Sources, — Copper occurs native in North America, and in 
a few other localities, but it is chiefly obtained from the 
following ores : 

(1) Copper pyrites CujS + Fe^Sg. 

(2) Cuprous sulphide Cu^S. 

(3) Malachite or the carbonate ^ ... CnC03,CuHa02. 

(4) Cuprous oxide or the red oxide ... CugO. 

The Cornish mines yield considerable quantities of copper, 
and Chili and South Australia are rich in copper ores. 
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Pnparatkm, — (1) By reducing the oxide in a current of 
hydrogen. 

(2) By the electrolytic decomposition of a salt of copper. 
- Metallic copper is easily prepared on a large scale from the 
carbonate or oxide, but when the copper pyrites (Ou^S + Fe,S,) 
18 employed, the process is more difficult. The ore is then 
roasted continually, to convert the cuprous sulphide into the 
oxide, and then sand or silicious slag is added to the ore, which 
is then roasted in a reverbatory furnace ; the cuprous oxide 
becomes converted into the cuprous sulphide, and the iron 
oxidising and uniting with the silica forms a li^ht fusible 
slag. The impure cuprous sulphide fuses and smks to the 
bottom of l^e furnace, and in this manner a coarse metal 
or ''mat" is formed. By a repetition of the process, pare 
cuprous sulphide or " fine metal" is produced. In order to 
free the metallic copper from sulphur, the fine metal is 
roasted and subsequently fused in the air. In the earlier 
part of the process, part of the sulphur is burnt off with the 
formation of cupric oxide (CuO), and at a later period the 
remainder of the sulphide is acted upon by the oxide forming 
sulphur dioxide (SOj), and metallic copper (Cu). Thus^ 

CuaS + 2CuO - SOa + 4Cu. 

The last traces of oxide are got rid of by " poling," i.e.^ 
stirring up the molten copper with a piece of green wood. 

Copper with Oxygen" forms two oxides — 

(1) The cuprous oxide or red suboxide, Cu^O. 

(2) The cupric oxide or black peroxide, CuO. 

CupBoiTS Oxide, CujO, 

Is found native in ruby-red octahedra, but it may be prepared 
artificially by (1) heating together equal quantities of the 
black oxide (CuO) and copper filings ; or (2) by boiling a 
solution of sulphate of copper (CUSO4) and caustic potash 
(KHO) with glucose, or grape sugar. The black oxide is 
first precipitated by the caustic potash, and subsequently 
reduced by the glucose, to a brisht red powder. A beautiful 
ruby -red colour is communicated to glass by cuprous oxide. 

All the cuprous compounds rapidly absorb oxygen from the 
air, and pass into the corresponding cupric salts. Of the 
cuprous salts the most important is the 

CuPEOUs Chloride, CuCl. 

This is a white solid, and is remarkable for absorbing car- 
bonic oxide gas. 
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CuPRic Oxide, CuO, 

May be obtained (1) by heatiiLZ copper in the air, or (2) by 
heating cupric nitrate (CU2NO3) to redness. This oxide 
yields the green and blue cnpric salts. 

The hydrated cupric oxide, CuHsOg is thrown down as a 
light blue precipitate when liquor potassflB (KHO) is added 
to a cupric salt, as for instance, to the sulphate of copper 
(CuSOj. Thus— 

CUSO4 + 2KH0 = K2SO4 + CuHaOj. 

Sulphate of potash and hydrated cupric oxide are formed. 

Bv boiling the hydrate, the water, HjO is given off, and 
the black oxide, CuO, is thrown down. 

The most important soluble cupric compounds are the 
following : 

Cupric Sulphate, CUSO4, 5H,0. 

This is known as '' blue vitriol," and is obtained in large 
blue crystals by the action of heat, sulphuric acid, and water 
upon metallic copper ; when heated to redness, CUSO4, 5H3O, 
loses its water of crystallisation and falls to a white powder. 

Cupric Nitrate, Cu2N08, 6H2O, 

Is obtained in large blue prisms by dissolving copper in nitric 
acid. 

Cupric Chloride, CuClg, 2HaO, 
Is formed when finely divided metallic copper is placed in 
chlorine gas, or when CuO is acted upon by hydrochlorio 
acid. It occurs in green needle-shaped crystals, an alcoholic 
solution of which bums with a peculiar green flame. 
Amongst the insoluble cupric salts, are the 

Cupric Sulphide, CuS. 

A black precipitate formed by the addition of sulphuretted 
hydrogen to an acid solution of a copper salt. 

Cupric Carbonate, CuCOj, CuHgOa. 

A green precipitate, not known pure, but always containing 
the hydrated oxide, and obtained by adding any alkaline car- 
bonate to a copper salt. 

Cupric Arsenite, Scheele's Green, CuHAsOj. 

A bright green powder, obtained by mixing an alkaline 
arsenite with cupric sulphate. 
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TttUfor ike Copper Campommds — 
- (1) limior poUnae givw at pale blae precifdtefie, turning 
Uack on DoOmi^ 

(2) liqiior a minni i iy (m fsv drops of) ^ves a pale bine pre- 
dpitete^ wliidi is disst^red liy excess of ammonia, forming a* 
beutifiil tappkirt'ilMe solntion: a remarkable compound i» 
bere fonned, the eom p os i tiMi of which is CUSO4 + 2NH3, 
and tins is capable of erystallintion. It may be regarded as 
ammonium solphate [(NU4)jSOA in which an atom of dyad 
copper has replaced two atoms ^monad hydrogen. Thns — 

N^CuJ^^^ 

(3) Fe irocjfa nide of potassium gires a chocokiU precipitate 
of f errocyanide of copper. 

(4) Sulphuretted hydrogen gives a black precipitate. 

(5) A polished steel needle or knife dipped in a solution of 
copper receires a red coating ol metallic copper. 



MEBCURT— HYDiLUtGYBuu (Hudor, water, arguros, 

silver). 

Symbol, Hg. Combining weight, 200. Specific gravity, at 

era, 13-596. Density, 100. 

Detcripiion. — The only metal liquid at the ordinary tem- 
perature. White and volatile. Freezes at 39 *4°C., and boils 
at 350^0.; when pure, mercuir does not famish in dry or 
moist air, but above 300^C. it absorbs oxygen and passes into 
the red oxide. It is a dyad metal, and is largely employed 
in the processes for extracting silver and gold from theur ores. 
Both the metal and its salts are of great medicinal value. 

Sources and Preparation. — Found native, and as the sul- 
phide (cinnabar) in Spain, California, Japan, and China. The 
cinnabar is roasted ; the sulphur is evolved as sulphur 
dioxide (SO,), the metal volatilises, and the vapour is cou-^ 
densed in earthen pipes. 

MzRCUET WITH OxTGKN forms two oxides, viz.-* 

(1) Mercurous oxide or black suboxide, Hg^O. 

(2) Mercuric oxide or red peroxide, HgO. 

MSRCUROUS OxiDS (Hg^O), 
I3 a dark grey powder, seen also in biaek toash, and is pro* 



I 
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pored by precipitating the mercurous chloride (HgCl) by 
means of liquor potasssd (KHO). Thus — 

2HgCl + 2KH0 - 2KC1 + H,0 + Bgfi. 
Chloride of potassium, water, and mercurous oxide are 

formed. 

Mercuric Oxide, HgO, 

Occurs in red crystals, which appear yellow when finely 
powdered, and may be prepared By (1) heating the mercuric 
nitrate, or (2) by the addition of liquor potasses (KHO) to 
the mercuric nitrate (Hg2N03). Thus — 

Hg2N03 + 2KH0 - 2KNO3 + HjO + HgO. 
Nitrate of potash, water, and mercuric oxide result. 

Mercurous Sulphide, HggS, 

Is a black substance, obtained by the addition of sulphuretted 
hydrogen to a mercurous salt. 

Mercuric Sulphide, Vermilion, or Cinnabar, HgS, 

Is a red substance, and occurs native, but it may be 
artificially prepared by heating sulphur and mercury together, 
or by the addition of an excess of sulphuretted hydrogen to a 
mercuric salt. In this last method the sulphide is black, but 
when sublimed it becomes red. 

Mercury with Chlorine forms two chlorides, viz.— 

(1) Mercurous chloride, or calomel, HgCL 

(2) Mercuric chloride, or corrosive sublimate, HgClg. 

Mercurous Chloride, Subchloride of Mercury, 

Calomel, HgCl, 

Is a white, insoluble powder, and is prepared — 

(1) By heating metallic mercury (Hg) with corrosive sub-^ 
limate (HgCLj). Thus— 

Hg + HgCIa - 2HgCl. 
Or (2) (a) By adding metallic Hg to the mercuric sulphatei 
(HgSOJ. Thus— 

He + HgS04 — Hg2S04 (the mercurous sulphate). 
{b) Chloride of sodium (NaOl) is added to the mercurous 
sulphate (HgaS04). Thus— 

Hg2S04 + 2NaCl - KaaS04 + 2HgCl. 
Sulphate of sodium and calomel are formed. 
The calomel sublimes, and forms a solid cake, which is well 
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washed to get rid of any mercaric chloride that may he 
formed in the preparation. 

Mebcubic Chloride, Pebchlobidb of Mxbcu&t, GoRROsiyB 

Sublimate, Hgd,, 
Occurs in aemi-tranaparent masses or prisma, which are in- 
soluble in water, and very poisonons. 

It is prepared by the addition of chloride of sodium (NaCl) 
to the mercuric sulphate (HgSOJ. Thus — 

HgSO. + 2NaCl - Ka^O^ + Hgd,. 
Sulphate of sodium and mercuric chloride are formed. 
When liquor ammoni» (NH4HO) is added to HcCl^ " white 
precipitate," or Hydrabgybuh Ahmoniatum, JMH^HgCl, is 
. formed. Thus — 

HffCL + NH4HO - H,0 + HCl + NHjHcCl. 
Water, hyorocloric acid, and " white precipitate '' result. 

Mercubous Nitrate, HgNO«, 
Is obtained by the action of dilute nitric acid upon an excess 
of metallic mercury. 

Mercuric Nitrate, Hg2N03, 
Is obtained by the action of excess of mtric acid upon metallic 
mercury, or we mercuric oxide. 

Tests/or the Mercury Compounds — 

(1) All the mercurial salts sublime, and can be decomposed 
by heat. 

(2) By charcoal and sodium carbonate, metallic mercury is 
obtained. (The reduction test.) 

(3) Bright copper strips when^ placed in an acidulated 
solution become coated with metallic mercury. 

(4) Stannous chloride (SnCl^) in excess precipitates the 
metal (black). 

(5) Bright gold or copper moistened with a solution of 
mercury, and touched witn a pointed steel, becomes coated 
with a white silvery stain. 

Tests for the Mercurous Salts ^ 

(1) Liquor calcis (CaHsOj), and all the alkalies, throw down 
a bladk precipitate ("black wash"). 

(2) Iodide of potassium (KI) gives an oZtve ^reen precipitate. 

(3) Chromate of potash (KsCr04) gives a bright red pre- 
cipitate. 

(4) Sulphuretted hydrogen gives a black precipitate. 

Tests for the Mercuric Salts — 

(1) Liquor calcis and all the alkalies, except ammonia^ give 
a yellow precipitate (''yellow wash ''). 
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(2) laauor ammoxuao gives a white precipitate. 

(3) loaide of potassium gives the scartk iodide of mercury 
aolable in excess of either re-agent. 

(4) Sulphuretted hydrogen in excess gives a black pre- 
cipitote^ becoming red when sublimed. 

SILYER — ^AsoENTUH (Arguros, silver, from argoa, white). 

Symbol, Ag. Combining weieht, 108. Specific gravity, 10 '5. 

Deacriptian, — ^A brilliant woite metal, a great conductor 
of electricity and heat, and very ductile. Silver is a monad 
metal, and is easily dissolved by nitric acid, with the evolution 
of nitric oxide cas ; the metal readily unites with sulphur, 
forming the bla& sulphide. 

Sources, — ^Found native, but more generally combined with 
antimony, sulphur, chlorine, and bromine. Galena, or lead 
snlphide, also contains small quantities of rilver. 

Preparation, — The silver ore is roasted in a furnace with 
common salt, by which means the silver chloride is formed. 
Iron scraps (Fe) are then added. Thus — 

GAgCl + 2Fe - Fa.Cl« + 6Ag. 
Perchloride of iron and metallic silver are formed. 
Metallic mercury is then added, and thus a liquid 
amiJgam of silver and mercury is formed. By distilling off 
tiie mercury, the silver remains. When silver is melted in 
the air^ it absorbs twenty-two times its bulk of oxygen, the 
gas being again evolved upon the solidification of tne motaL 
This process is known as "spitting." SUver is usuiilly 
alloyed with small quantities of copper for preparing articles 
of plate and coinage. English silver money contains 7 '5 per 
cent, of copper. 

SiLVBB WITH OxTOBN forms three oxides, viz.-— 

(1)* Silver suboxide, Ag40, a black powder. 

(2) Silver monoxide, Ag^O, a brown substance obtained by 
the addition of liquor potassse to a solution of nitrate iA 
silver. 

(3) Silver dioxide, Ag^Os, a black powder, prepared when 
ozone acts upon metallic silver. 

SiLYXB Nitrate, AgNOs, 

Is the most important of the soluble salts of silver. It ia 
prepared by the action of nitric acid upon metallic silver and 
evaporating the solution. It then appears as large trans- 
lufient tabular crystals. Upon heating, nitrate of silver fuses 
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easily, and when cast into sticka it is known by the name of 
" lunar caustic." It blackens the skin. 

SiLVSii Chlo&idb, AgCly 

Is the most important insoluble salt of silver. It occim 
native as "horn silver," and maybe obtained as a white 
curdy precipitate when a silver salt and a soluble chloride 
are brought into contact. By exposure to light, this salt be- 
comes of a purple tint, increasing in shade according to the 
length of time of its exposure. 
Chloride of silver is readily soluble in hyposulphite of 

sodium. 

Silver Bbomipe, AgBr, 

Is a white substance, obtained by adding an alkaline bromide 
to silver nitrate. 

SHVEB lODIDS, Agl, 

Is a yellow powder. 

Silver Sxtlphide, AgjS, 

Occurs native as "silver-glance," and may be obtained as 
a black precipitate by passing sulphuretted hydrogen gas 
through a solution of a salt of silver. 
- Tests for the Silver Compounds — 

(1) Hydrochloric acid gives a white precipitate (AgCl)i 
soluble in liquor ammonias. 

(2) Alkahes (KHO, &c.), give a brown precipitate of Agfi, 
soluble in excess of liquor ammoniee. 

(3) Sulphuretted hydrogen gives a black precipitate (AgsS), 
insoluble in sulphide of ammonium. 

(4) Iron, copper, and mercury give a white precipitate (Ag). 

(5) Chromate or bichromate of potash gives a broron pre- 
cipitate. 

(6) Tribasic phosphate of sodium gives a ydUno precipitate. 

Qeneral CJiaracteristics of the Silver Group, 
Under no circumstances is water decomposed by these 
metals. They are all oxidijBed by strong sulphuric and nitric 
acids. Silver is a monad ; but mercury and copper are dyads. 

GROUP X.— THE GOLD GEOUP. 

Gold. | Pl/ltinum. 

GOLD— AuRUM. 

Symbol, Au. Combining weight, 197. Specific gravity, 19 'i 

«i,^2'^'^-?"";A »oft, yellow metal, soluble in nitro-hydro- 

mii WK?f '5 "^^l^ •®^«^i<' «5i<*- ^ *"*d metal, and the most 
malleable of aU the metals, since it can be beaten into leavea 



47 

Jiu^ of an incli in thickness. It remains untarnished in 
r or moist air at any temperature^ and is unaffected by 

ibhnr. 

The Standard Oold o£ England is an alloy of copper and 
gold, and contains 8*33 per cent, of the former. This alloy is 
lets ductile than the pure metal, but possesses greater 
fusibility and hardness. 

Sources. — ^Always found in the metallic state. It occurs 
in tiie plutonic rocks, but is also found in the sand of most 
riyers. It is a widely difiTused metal, although occurring 
only in small quantities. 

Preparation. — ^The sand, or " detritus " in which the metal 
is contained, is washed in a "cradle,'' and thus the lighter 
mud is washed away, whilst the heavier gold grains sink to 
the bottom. 

To obtain pure gold, the ordinary metal is dissolved in 
aqua regia^ and thus terchloride of gold is formed (AuClg), 
then ferrous sulphate (FeSOJ is added. Thus — 

2AUCI3 + 6FeS04 « 2Fej(S04)3 + FeaCl« + 2Au. 

Ferric sulphate and ferric chloride are formed, and metallic 

gold is precipitated as a brown powder. 

Gold with Oxyoex forms two oxides, viz. — 

(1) Aureus suboxide, Au,0. 

(2) Auric trioxide, AugOg. 

Neither of these substances forms any salts with acids, but 
AugOs unites with bases to form aurates. Thus aurate of 
sodium is NaAu02. 

** Fulminating Uold " is prepared by the action of excess of 
liquor anmionisa upon a solution of gold. In this process 
a brownish-yellow powder is thrown down, which when dry 
and heated to 100°U. explodes very readily when struck by a 
hammer, or even spontaneously. 

AxTBOus Chloride, AuCl, 

Is a white insoluble mass, obtained by heating auric chloride 
to 235^*0. 

Auric Chloride, AuCIji, 
Is obtained by dissolving metallic gold in aqua regia. 

Tests far tJie Oold Compounds — 

(1) Ferrous sulphate gives a brown precipitate of metallio 
gold. 

(2) The blow-pipe gives a metallic bead of gold. 

(3) Stannous chloride gives the ** purple 0/ Cassias " - 
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PLATINUM (PUtina, silver). 

Symbol, Pt. Gombming wei|(kt, 197*4. Specific gravity, 21 '5« 

DeKTiptwn* — ^A bright wmte metal, never tamiahing, very 
infonble, and only to be melted in the oxy-hydrogen blow- 
pipe flame. A tetrad metal. Is only dissolved oy ai^ua regia. 
Fmely divided metallic platinum is remarkable for its power 
of condensing gases on its surface. 

Sourciu, — ^A comparatively rare metal, alwi^s occurring 
native, and generally alloyed with the metafs palladium, 
rhodium, iridium, osmium, and ruthenium. 

PreparaUon, — ^Platinum was originally prepared by dissolv* 
Inff its ore in aqua regia, and precipitatmg the metal with 
cmoride of ammonium as ammonio-platino-chloride. When 
this precipitate is heated, **»pongy" or finely-divided 
platinum is formed. If this sponge, when hot, be hammered 
and forcibly pressed, it gradually assumes a coherent mass by 
the *' welding " of the platinum particles. 

A method lately adopted has been to melt the ore with the 
ozyhydrogen blow-pipe in a very powerful furnace. By tiiis 
means a pure alloy of platinum, rhodium, and iridium is 
formed, whilst the impurities are volatilised by the intense 
heat. This pure allov is harder, and not so easily attacked 
by acids as the pure platinum.. 

Platinum with Oxygen forms two oxides, viz. — 

^1) Platinum monoxide or platinous oxide, PtO. 
(2) Platinum dioxide or platinic oxide, PtO^. 

Platinum Monoxide is a black powder. 

PLATpruM Dioxide can be prepared as a brown hydrate by 
the addition of liquor potassse to a solution of platinum nitrate. 
Upon heating the hydrate, the anhydrous oxide is firat formed, 
and subsequently the metal is precipitated. 

Platinum Dichlokide, ok Platinous Chlobidx, PtCIj, 

5 wi insoluble greenish-grey powder, prepared by heating 
the followmg chloride to mV. ' *- *^ J' "^ 

Platinum Ttorachloride, ob Platinic Chloride, PtCJ^, 

the^^&'^ff^^^^"?^* ^^^' .obtained by dissolving 
a J^ ^^ ^W^> and evaporating the solntion to dry- 
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TegUfor tJie Platinum Compounds — 

(1) Salphuretted hvdroffen gives a brown precipitate 
solable in excesB of sulphide of ammonium. 

(2) Metallic zinc throws down metallic platinum. 

(3J The platinic chloride (PtCl4) eives a yeUow grannlar 
precipitate (falling slowly) with potash and ammonia, but not 
with soda, and is of great use in analysis for the separation of 
potash and soda. 

OenercU CharaderisticB of the Gold Group, 

These metals, with silver and mercury, constitute thu noble 
metals. Gold and platinum are not acted upon by nitric aeid, 
but oidy by chlorine or aqua regia. 

Gold is a triad, and platinum a tetrad metaL 



APPENDIX, 



As Atom 18 the smallett quantity to which an elementaiy 
snbstuice can be reduced. It is to be resarded as a definite 
quantity, and although the atoms of all Dodies aie assumed 
to be of the same size, yet they vary greatly in weight. If 
the atom of hydrogen be taken as the standard of comparison, 
and counted to weigh 1, then the atom of oxygen will be 
found to weigh 16 ; that of nitrogen 14 ; and that of sulphur 
32. These numbers are therefore termed the atomic weighU, 
An atom is the smallest quantity that can enter into com* 
bination with another element. 

Axi atom muBt he united to another atom, it cannot exist 
alone as such, and the two (or more as frequently happens) 
constitute a molecule. Thus H, O, and N are atoms, and can 
combine with other bodies, but, when free, they combine with 
one of their own atoms, and actually exist as H^, O^, K^, «.«.» 
as molecules. One atom in union with another forms a mole* 
cule, whether the element be the same or not ; thus H and H 
form a molecule of hydrogen ; H and CI — a molecule of HCl, 
hydrochloric acid; &, U, and N — a molecule of HGN, 
hydrocyanic acid. A molecule may, however, consist of 
2, 8, 4, or even more atoms, as observed in a molecule of 
water, H^O (8 atoms), or of ammonia, NH. (4 atoms), &o. 

Now although atoms combine in certain definite proportions, 
their power of replacing one another in compound bodies 
greatly varies; 1 atom of oxygen may replace 2 atoms of 
hydroeen in any compound ; 1 atom of nitroeen will replace 3 
of hydrogen : and 1 atom of carbon will tike the place of 4 
atoms of liydrQgen or 2 atoms of oxy|;en. 

This has led to an arrangement into sroups showing the 
power in atoms of replacing each other in chemical oompoondiB, 
and this is called their quantivalence. 

The elementary atoms are divided into monads or univa- 
lents, dyads or divalents, triads or trivalents, tetrads or 
tetravalents, pentads or pentavalents, hexads or hexavalenti ; 
the elements themselves being termed monatomic, diatomic, 
triatomio, tetratomio, &c., in accordance with the number of 
hydrogen atoms whidi one atom of each can replace, since the 
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Atom H is taken as the standard for comparison, and is the 
typical monad. 

The elements of even quantivalence, viz.: the dyads, 
tetrads, and hexads, are called ArtiadSf and those of wieven 
qnantiyalence, viz. : monads, triads, and pentads, are known 
as Perissads. 

Not only can the elements be considered to possess varying 
atomicity, but so can the groups of elementary substances, 
acting collectively as elements, and which are termed " conn- 
pound radicals" viz. : NOg, SO,, PO, as will immediately be 
seen. Nitric acid (HNO3) °**y ^ considered as water (HjO), in 
which one atom of H is replaced by a monad radical, NOj. 
Thus— 

^ { water ^q | nitric acid. 

Salphuric acid (H2SO4) may be regarded as 2 molecules of 
water, in which two atoms of H are replaced by the dyad 
radical SOj. Thus— 

^jOaWater ^ | 0, sulphuric acid. 

Tribasic phosphoric acid (H8PO4) may be looked upon as 3 
molecules of water, in which 3 atoms of H are replaced by 
the triad radical PO. Thus— 

5' I Oj water ^ | Oj phosphoric acid. 

But although the non-metallic and metallic radicals are 
classified into univalent and multivalent groups, it must be 
stated that with the exception of hydrogen, which is always 
univalent, all the other radicals may exhibit different 
degrees of quantivalence. Observe the oxides of nitrogen, 
NjO, NjOg, JfjOs, N3O4, NgOg. Here, from the formula, 
nitrogen may range from a monad to a pentad inclusive. 
Carbon is tetrad in marsh gas, CH4, and in carbonic anhydride, 
CO^ but only dyad in carbonic oxide, CO. Sulphur is hexad 
in sulphuric aiihydride, SO3, and dyad in sulphuretted 
hydrogen, H2S. Iron may be dyad at one time, as in ferrous 
chloride, Feds* ^^^ triad at another, as in ferric chloride, 
FcjClg. 

LAWS REGULATING CHEMICAL COMBINATIONS 
Are as. follows : — 

\8t. The law of Constant proportion. — The same substance 
always contains the same elements united in the same pro> 
portions. 

4-2 
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9ad. IVie Uw of MmUiple propOfUon. — When one body 
comhiwei with anotlier in aeYenl proportions, the h^her pro- 
portions are alwmys multiples ci uie first or lowest. 

3nl The Uw of Bedprocal proportion^ — If two bodies 
nnite witti m tiiird, the proportions in which they combine 
with that third body sre measores or mnltiples of the pro* 
portion in which they combine witii each other. 

The combining quantity of a ccMnpoond body is the snm of 
the combining proportions of its constituents. Thus water, 
HjO — 2 for H, and 16 for O = 18, and this is the combining 
quanti^ of that fluid ; and H^SO^, sulphuric acid, would be 
2 for l( 32 for S, and 4 times 16 for O, t.6., 6^ proving 98 
altoji^ether to be its oombining proportion, which is the case. 

When one atom of an element unites with an atom of 
another, in several proportions, distinctive names are applied ; 
thus, a metal might unite with oxygen as follows : M3O, MO, 
M2O3, MO^ M0„ MO4, and to these the terms suboxide, 
monoxide, gesquiooade, dioxide, trioxide, and tetroxide would be 
respectively applied. The resulting compound is always 
termed an ide. If any non-metallic efoments were substituted 
for the oxygen, such as sulphur, iodine, or chlorine, we should 
have sub-, mono-, sesqni-, di-, tri-, or tetra-, sulphides — 
iodides, or chlorides, according to the number of atoms of 
each united with one of the metaL 

If an element form two acids, the name of the lower ter- 
minates in 0U8, and the higher in tc, as nitrous, Jiitric, sul- 
phurous, sulphuric. 

For instance, we have ferrous and ferric salts, mercurous 
and mercuric, cuprous and capric, &c. The termination 
ous is synonymous with a proto or sub-salt, and '^he ter- 
mination ic with a per-salt. Thus the ferrotw sulphate 
(FeS04) ™^y ^® called the protosulphate or «u6sulphate, and 
the ferric sulphate (Fe2(S04).) is termed the persulphate. 

It may here be stated that the termination te always 
implies the presence of more oxygen or of the radical than 
that contained in oua, but that the termination ide (unleas 
ox-ide) denotes the absence of oxygen, viz. : 

HsSOa (sulphuric acid), HaSOg (sulphurotM acid). 
H^S (8mphu2.s of hydrogen, or sulphuretted hydrocen). 

In the case of chlorides, bromides, iodides, fluorides, and 
sulphides, viz. : mercurous and mercuric chlorides, &c., oxygen 
clearly takes no part at all, and here the ic implies tr larger 
amount of the radical than that contained in oua. 

The composition of any substance may be determined by 
two methoils, viz.: (1) By synthesis, and — 

(^2) By analysis. The latter may be of two kinds. 
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(a) Qoalitative, merely discovering the ingredients. 

(6) Quantitative, determining the amount of each ingre* 
dieni 

A chemical formula represents a molecule of an element, or 
of 8 compound, and serves the following purposes : 

(1) It mdicates the elements entering into the formation of 
the molecule. 

(2) It shows the number of atoms in the molecule. 

(3) It represents a constant weight of the compound, the 
molecular weight, i,c, the sum of the weights of the atoms in 
the molecule. 

(4) In bodies capable of volatilising, it indicates two volumes 
of the substance in a state of gas or vapour. 

By a volume is meant a measure. 

The combining volumes of all elementary gases and vapours 
are equid, except in the case of arsenic and phosphorus, 
which are only half those of the other elements in the gaseous 
condition, and those of cadmium and mercury, which are 
doable those of the other elements. 

A chemical equation consists of a collection of symbols an(^ 
formulae, illustrating the condition of substances before and 
after the assault ot the molecules one upon another, and 
showing the new substances formed. 

A solid is a substance, the integrant molecules of which, 
though probably not in absolute contact, are more or less 
immobile. 

A Uquid is that in which the molecules freely move around 
each other ;- it therefore readily assumes the form of any 
vessel in which it may be placed, and retains that form. 

A gaa is that in which the molecules are so separated that 
they seem to have lost all attraction to one another, and to 
have acquired such a property of repulsion that the only 
obstacle to their still further separation is the pressure of the 
surrounding matter. 

An amalgam implies the combination of two or more metals, 
one cf which must be mercury. 

An alloy implies a combination of metals in which mercury 
takes no part. 



THE ATOMIC THEORY. 

John Balton was the first to enunciate the law of multiple 
roportion. He asked himself, " Why do the elements com- 
ine only in multiples of their several combining proportions V* 
and upon this question he theorised as follows : 
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All matter is composed of minute indivisible particles^ and 
these are called atanii. Although these atoms do not all 
possess the same weight, still their relative weights are 
represented by the combining weights of the elements ; 
the oxygen atom is considered to be 16 times as heavy as the 
hydrogen atom, and the weights of the oxygen and nitrogen 
atoms are as 16 to 14. 

He also assumed that chemical combination consisted in 
the individual atoms approximating one to another, and was 
thus enabled to explain why compounds must contain their 
constituents in the combining proportions, or in multiples of 
their proportions, and in no intermediate proportion. 

Take, xor instance, the compounds of nitrogen with ox^ffen. 
The lowest oxide contains one atom of O combined wiui 2 
atoms of N, thus (N) (N) (0) ; it is therefore termed nitrogen 
monoxide, N^O. The next oxide possible of formation must 
have an additional atom of oxvgen. Thus (N) (N) (O) (0), 
and this is called nitrogen dioxide, NgOg. The next compound 
possible is (N) (N) (0) (0 ) (0). or nitrogen trioxide, N«0,. The 
next is (N) (N) (0) (0) (0) (0), or nitrogen tetroxide, N,04 ; 
and the next (N) (N) (0) (0) (0) (0) (O), or nitrogen pent- 
oxide, N,Og. 

An atom being indivisible, no intermediate product can be 
obtained. , 

Oravity simply denotes weight. Specific gravity means 
relative weight, or weight compared to a standard. 

DensUu implies the comparative maes^ and is frequently 
employed synonymously with specific gravity, since tne two 
bear so close a relationship, the weight depending upon the 
amount of the mass. 

SPECIFIC WEIGHT OR GRAVITY. 

Specific gravity may be defined as the relative toeight qf 
tqual vofume9 qf different substances. Water is taken as the 
standard of comparison of liquids and solids, and air for 
gases and vapours. We have to determine the specific 
gravity of matter in three states, as gas, liquid, and solid. 

For Gases, 

A glass globe, furnished with a stop-cook, is weighed first 
full of dry air, then perfectly exhausted by an air pump, and 
again weighed. The diflereuco gives the weight of tbe 
volume of air which the globe contains. We now fill the 
globe with the gas of which the density is required, and weigh 
\t again, taking care that the changes in pressure and teni- 
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peratnre are known. The weight of the empty globe, sab« 
tracted from the weight of the globe when filled with gas, 
gives the weight of gas which the globe contains. Then- 
Weight of air : Weight of gas : : 1 : Density of gas. 
And thus we obtain the desired density. ^ 

For Vapours, 

A small globular flask is taken, the neck drawn ont to a 

fine tube, and the whole accurately weighed. The substaDce 

of which the vapour density is required, is introduced by warm- 

ing the flask, and dipping the end of the neck into the fluid. 

By the cooling and contraction of the air, some of the liquid 

pressed upon by the external air is forced into the flask, 

which is now placed in a bath of oil or mercury heated much 

above the boiling point of the liquid. When the flask is 

completely filled with the pure vapour of the substance, the 

neck is sealed by the blow-pipe, and when cool it is aeain 

weighed. Thus we know (1) the weiglit of the flask full of 

air, and (2) the weight of the flask full of vapour ; but we 

require to know the weight of the empty flask. Now, if we 

know the capacity of the globe in cubic centimetres, and the 

weight of 1 c.c. of air, wo can obtain this. We break the 

point of the neck under mercury, which fluid rushes in and 

nils the flask, excepting the drop of liquid into which the 

vapour has condensed. Having replaced this by mercury, 

the latter is measured carefully, and the capacity of the 

flask is ascertained. Let us suppose this to be 200 c.c. 

Then the weight of 200 c.c. of air at the temperature of 

the room, subtracted from the original weight of the flask 

fuU of air, gives the weight of the empty flask ; this latter 

weight, subtracted from the weight of the flask filled with 

vapour, gives the weight of 200 c.c. of the vapour at the 

temperature at which the flask was sealed. Upon calculating 

the weight of 200 c.c. of air at the same temperature, we 

obtain the proportion — 

Weight of air :. Weight of vapour : : 1 : Density of vapour. 

For Liquids. 

A vessel of any convenient size is taken, the weight of 
which is known, and its increase in weight is determined (1) 
when filled with water, (2) when filled with the given liquid, 
at the same temperature. We take a flask with a narrow 
neck, upon which near its middle a mark is made; the 
weight of this is carefully ascertained. Pure distilled water 
is now added to the level of the mark, and the flask again 



5G 

weighed. The difference between this and the original 
weight gives the weight of water taken. After drying, we 
affain fill the flask np to the mark with the liquid the density 
of which we require, and the weight is again taken. The 
difference between this and the original weight, is the weight 
of a volume of the liquid equal to that of the water. Then — 
Weight of water : Weight of liquid : : 1 : Density of liquid. 

For Solids. 

"A solid immersed in a liquid loses a weight e<][ual to the 
weight of an equal volume of the liquid.'' We weigh a piece 
of the solid in air, and then immerse it in water, and again 
weigh it in that position. By the difference we obtain the 
weight of an equal volume of water. Then — 

i Weight of equal 1 ( Weight of ) 
volume of > : < substance > : :1 : Density of substance, 

water ) ( in air ) 

Or otherwise, divide weight in air by loss of weight in water, 
and the quotient will be the density. 

If the solid be lighter than loater, we must first weigh it in 
air, and then attach to it a solid, heavy enonsh to sink 
it, and the weisht of which we have determined in air and 
water. The difference between the loss of weight of the 
heavy body alone, when iipmersed in water, and that of the 
combination when similarly immersed, will give the weight 
of a volume of water equal to that of the fight body, the 
density of which can be determined by the proportion above. 

If the substance be soluble in water, it must be weighed in a 
fluid which does not dissolve it, and the density of which is 
known. Then we have : 

(1) " The relative weights of equal bulks of the substance, 
and of the liquid in which it was weighed. 

(2) The relative weights of equal bulks of the liquid and of 
water. Ilence the weight of a volume of water equal to that 
of the substance is obtained as follows : 

i Weight of liquid ) C Weight of an ) 
displaced by the > : I equsd volume > 
substance ) ( of water. ) 

Then the density may be obtained in the usual way." 
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TABLE OP QUANTIVALENCE OF THE PRECEDINa 

METALS. 



Mdfnads, 


Dyads. 


TriadB, 


Tetrads. 


Potassium 


Calcium 


Aluminium 


Ferrum 


Sodium 


Stboktium 


Stibium* 


Stannum 


Lithixtm 


Barium 


BiSMUTHUM* 


Platinum 


Amhoniuu 


Maokesium 


AURUM 


• 


CfiSIUM 


Ztkcum 






BUBIDIXTM 


Cadbhum 






Ab01£NTUM 


Manoanksium* 

cobaltium* 

Nickel* 

Chromium* 

Plumbum 

Cuprum 

Hydrargyrum 




• 



* lianganesinm, cobaltiuxn and nickel are freqnently con- 
sidered tetrads, whilst chromium is at times hexad, an^ 
stibium and bismuthum are sometimes pentad. 
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PREFACE. 



Beasino in mind the number of excellent treatises 
upon Organic Chemistry already in existence, some 
apology may appear necessary for the appearance of the 
present volume ; bat the success which has attended the 
inorganic portions of these Aids has led me to hope that 
the following pages may not be altogether unacceptable. 
In dealing with a science of such gigantic proportions 
as Organic Chemistry, it will be readily understood that 
in this short volume I have merely attempted an out- 
line of the subject, and I can only hope that the extreme 
and recognised difficulties of the study may be taken as 
some extenuation for the unavoidable shortcomings of 
the following pages. 

C. E. A. S. 

% TosBiKOTON Square, Loitdon, W.C. 
May, 1879. 
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ORGANIC CHEMISTRY. 



The term Organic Chemistry embraces the Chemistry Of The 
Carbon Compounds, and arose out of the fact of many of the 
componnda existing already formed in the bodies of plants 
and animals. It is separated from the Inorganic Portion, 
not on account of any absolute difference in the laws which 
regulate the formation of the substances classified in these 
two divisions, but in consequence of the enormous number 
of compounds included under Organic Chemistry, and the 
pecuUar complications so frequently observed in their con- 
stitution. 

Certain organic substances present a so-called Organised 
Structure which is directly and essentially the proauct of 
vegetable or animal life, and thus they, in this respect, vary 
entirely^ in their mode of formation and constitution froni any 
inorganic compound. The simple cell, the generator of living 
organisms, exhibits this organised structure ; it is impossible 
to prepare a cell artificially from its elements ; but, on the other 
hand, many liquid or crystalline organic bodies may possibly 
be built up from their elementary constituents. 

The number of carbon compounds already known is very 
remarkable, since they far exceed all the compounds of the 
other elements taken together, and every day is bringing new 
ones to light. Again, nearly all of them are formed by the 
union of mfferent proportions of carbon with one or more of 
three other elements, viz.. Oxygen, Hydrogen, and Nitrogen. 

Carbon possesses in a remarkable degree the power of 
Uniting With Itself to form complex comj^unds containing 
an assemblage of carbon atoms combined with either oxygen. 
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liydrogen, or nitroeen, or a number of these so joined together 
as to constitate a aistiDct chemical whole. 

These atomic groups or molecules play an exactly similar 
part, in organic chemistry, to that of the metals, or simple 
molecules, as *P0, SOg, NO3, found in the Inorganic division ; 
by them whole series of compounds are formed, in each of 
which it is possible to recognise the family likeness and to 
identify the group of atoms. 

It will have been observed, in considering the non-metallic 
and metallic elements, that the substances included under 
these appellations possess different atoimeUies, or combining 
powers ; i.e., one atom of an element can replace, or combine 
with, one or more atoms of hydrogen in its combinations. Thus 
we have potassium, iodine, silver, etc., which can replace only 
•one atom of hydrogen (the monads) ; oxygen, sulphur, copper, 
replacing two of hydrogen (the dyads) ; nitrogen, phosphorus, 
aluminium, replacing three of hydrogen (the triadit) ; and we 

— — .— 11- 

given in illustration of this property. This last-named sub- 
stance is, in fact, the characteristic representative and type of 
4etrcUomic carbon. 

In marsh gas it will be seen that carbon has four e<mhmng 

unita, or honds, thus, — C — , and that these are satisfied, or 

saturated, by being united with four atoms of hydrogen. This 
is therefore termed a Saturated Compound. But this con- 
dition can be satisfied by any other monad, and we may sub- 
''fititute one or more of the four atoms of hydrogen, step by 
step, by chlorine, forming the following Substitution Pro- 
ducts. Thus : 

Marsh gas ; Methyl chloride ; Methylene diohldidde ; 

IH rH rH 

H (Cl 

•Chloroform ; Carbon tetrachloride. 
H (Cl 

^;C1 .'ri'JCl 

a uci. 

* Soe Appendix Flart II. 
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Bat the four combining TMfwera of carbon can also be satisfied 
by union with two dyad ifttoms, as in the cases of carbon 

dioxide, ] q , and carbon disnlphide, ^ ) S ' ^^^7 ^^® triad 
and one monad, as in prussic acid,C j -o- 

If two atoms of tetrad carbon nnite one with another, a new 
group of atoms, or a radical, is formed. This is termed the 
duplkatum of the carbon element, and it comes about by one 
of the four combining units of one atom combining with one 
of the four units of the other atom. Thus, of the eiglu origiual 
combining units of the two carbon atoms, tupo are saturated, or 
got rid of, and six only remain free to enter into combinatic^n. 
The type of the mono-carbon series is CH4 ; that of the 
di>carbon series is C2H0 ; that of the tri-carbon series is 
CjHg ; that of the tetra-carbon series is C4H|o ; and no com- 
pound is known in any of these series just alluded to which 
contains respectively more than four, six, eight, or ten atoms 
of a monad. 

On the other hand, certain groups of bodies exist in which 
all the combining powers of carbon are not fully satistied. 
Thus we have 0/0, carbonic monoxide, and O2/H4, defiant gas. 
These are termed non -saturated coMPoaNDs, and possess the 
power of directly uniting with other elements so as to fill up 
the combining powers that are vacant ; for instance, 00 and 
C]!!^ both directly combine with two atoms of chlorine (Olg) 
formmg saturated compounds, thus : OOOI2, carbonic oxy- 
chloride, and O2H4OI2, Dutch liquid, or ethylenic dichloride, 
in which all the carbon atoms are satisfied ; but on the con- 
trary, it is quite impossible to obtain any combination of 
chlorine with OOj or with OgHe. We may represent the com- 
bining powers of carbon in the following series : 

M<Hro-oAS3lOK. Di-cAssoN. TTri-Oabbok. 

H H H H H H 

I II 1 1 JL 

H H H 'H H H 
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Tetra-Carbon. 
H H H H 
I I I I 
H-( C)-(Cl-(C) -(C)-H 



H H H H 

C4H10. 

The lines between the circles indicate the combinations of 
the carbon atoms one with another, and show how the com- 
pounds become saturated or satisfied. In each passage up the 
series it is therefore necessary to add one atom of carbon and 
two of hydrogen (GHg), and this addition can actually be made 
by experiment. 

Each carbon series may be considered to possess a group 
of atoms of carbon and hydrogen, to which the name of com- 
pound radical is given, and which takes exactly the same 
part in them as the metal does in the metallic salts of mineral 
chemistry. 

In the above series, CH4, C^H^, psHg, C4H10, the radical is 
found to be a hydrocarbon containing one atom less hydrogen 
than the original type ; each is therefore called a Hydride of a 

radical, and is looked upon as 21- 1 , in which a radical replaces 

one atom of hydrogen. Thus — 

CH3 ) Methyl C2H5 ) Ethyl C3H7 ) Propyl 

H J Hydride; H J Hydride; H {Hydride. 

By replacing this atom of (hydride) hydrogen in these sub- 
stances by either chlorine (CI), bromine (Br), or iodine (I), we 
may obtam the corresponding chlorides, bromides, or iochdes, 
respectively. 

Again, if the same hydrogen be replaced by the monad 
radical HO, the bodies called Alcohols are obtained. Thus— 

CHs ) Methyl CjHg ) Ethyl C3H7 ) Propyl 

HO J Alcohol; HO J Alcohol^ HO J Alcohol. 

The radicals CH3, O2H5, C3H7, must be regarded as ahso' 
lutely indivisible, and they theoretically act exactly the same 
part as a piece of potassium, sodium, or any other monad 
metal. 

As has been shown in the Inorganic portion of Chemistry, 
we have radicals which may be monobasic, dibasic, tribcuic, or 
tetrabaMc ; so with the caroon compounds we have radicals in 
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which more than one combining power remains utisaturated, 
and which accordingly act as polyatomic radicals. Thus — * 



Methyl, CH3 ; Ethyl, C2H5 ; Propyl, C3H7, are monads. 

II II II 
Methylene, CH3; Ethylene, C3H4 ; Propylene, CsHq, are dyads. 

III III III 
Methenyl, CH ; Ethenyl, C3H3 ; Propenyl, C3H5, are triads. 

Ethine, C2H2 ; Propine, C8H4, are tetrads. 

A large number of derivatives take their origin from these 
bodies, in each of which is contained the radical, or group of 
hydrogen and carbon atoms. In whatever way the carbon atoms 
may be combined, the powers which remain unsaturated are an 
even number ; it therefore follows that the sum of the atoms 
of monad or triad elements united with the carbon must be 
an even number, but the number of dyad elements is not 
sabject to a similar restriction. 

Organic substances, since their constitution is more com- 
plex, are more liable to decomposition and to transformation 
than the inorganic. The simple application of heat alone will 
produce many different results with them, varying according 
to the temperature to which each is exposed ; thus, vapours, 
gases, ethereal, empyreumatio and oleaginous matters are 
procured ; with chemical re-agents the products will be ob- 
served to be equally diversified. 

Oxygen may act in four different ways upon an organic 
compound. 

(1) By simple addition, viz. : 

C2H4O 4- O - C2H4O2 
aldehyde + oxygen =- acetic acid. 

(2) By simple removal of hydrogen, viz. : 

CjHgO + O = H2O + C2H4O 
alcohol + oxygen •- water + aldehyde. 

(3) By removal of hydrogen, and replacing it, 1 atom of 
oxygen replacing 2 of hydrogen, viz. : 

CoHfiO + Oj - HjO + C3H4O2. 
alcohol + oxygen =■ water + acetic acid. 

(4) By removal of both hydrogen and carbon. It is thus that 
comphcated organic bodies in which large numbers of hydrogen 
ajQd carbon atoms are contained are reduced to others of 
simple constitution, the hydrogen and carbon being at last 

^ * The signs i, n, m. it, Indicate the atomicity— monad, dyad, triad, or 

tetrad. 
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entirely conyerted into water (HaO) and carbonic anhydride 
(CO,). 

Chlorine, bromine, and iodine act exactly in a BimiUr 
manner as oxygen upon such bodiea. 

Citric acid acts in variouA ways ; sometimes it merely 
oxydises the componnd, at other timeadt abstraeta hydrogen 
and replaces it by nitryl (NO2), or it sometimes unites directly 
with the compound as with a metal. 

Alkalies may form a direct imion with a substance, or they 
may abstract hydrogen from it and oxidise the product, and 
should it contain chlorine, may remove and appropriate it. 
Double decomposition may sometimes take place between the 
compound and the salt employed. 

EMPIRICAL AND RATIONAL FORMULA. 

Chemical decompositions may be expressed either by atomic 
or MOLECULAB formulsB ; thus (H + CI « HCl) is an atomic 
expression for hydrochloric acid, and (H^ + CI2 = 2HC1) is 
its molecular expression. In the first reaction, a direct com- 
bination of the elements is assumed, and in the second the 
hydrogen is considered to replace the chlorine, or the reverse. 
Two kinds of formula are made use of in the deschptioaof 
the composition of chemical bodies : 

(1) The Empirical. 

(2) The Rational. 

The Empirical simply shows the atomic composition of the 
molecule, as CsHgO (ordinary alcohol). 

The Rational does more than this, for it also points out its 
real character and its proper position in relation to other organic 
compounds ; thus, the formula for alcohol is more properly 
CgHgHO, i.e,, hydroxide of ethyl. The rational /ormtUa is 
tlieref ore to be preferred. 

ISOMERISM. 

Carbon compounds are said to be Isomsrio which possess 
the same percentage composition, but differ in their chemical 
and physical properties ; thus, urea, CH4N2O, is termed iso- 
meric with cyanate of ammonium, NH4UNO. Of the seriea 
of hydrocarbona haying the general formuU CJEi^-^s^ 

Thefirst three terms, CH4.. 1 ch' 1 ' | ^^* {Mye iioiaoiiw»; 
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bnt tHe fourth, G4H1A, is d«iiv«d« fivoi the third by replaoing^ 
an atom of hydrogen by the group CH3 ; bat this replacemeoS 
may take place either with the carbon atoms at the end of the 
chain, or with the atom in the centre, and thus are obtained 
the following isomers — 

^^3 ) I PIT 

xHay and CHJ CH, 

Of the fifth series, CgHij) there are three isomers, viz. : 

CH, rCH J??» 

ch; 




^3 I— JCH. 

CH3 < 

CHj / CHo 

CH3 ^ Cfli 

As we pass to the higher members of the series there is a 
rapid increase of possible isomers. 

From these hydrides of the monad radicals, by the replace- 
ment of one or more hydrogen atoms by other elements or 
groups of atoms, the compounds of the Paraffin Group can be 
derived, and cases of isomerism will arise in accordance with 
this replacement taking place in connection with one or other 
of the carbon atoms. The following are simple examples : 

CHs ) CH3 ) 

CH- > Propyliodide ; CHI > Iso-propyliodide. 

ChJi) "^"^ CH3) 



^^ I Ethylene Chloride ; ^^^^^ | EthyUdene Chloride. 



CH,. ) CHg ) 

CH. (Normal Butyl CH2 f Secondary Butyl 

CH- ( Alcohol; CHOH ( Alcohol. 

CHaOH ) CH, ) 

CH3 ) ) CH, ) 

CHjJ f Fermentation Butyl CH,^^ J Tertiary Butyl 

CH ( Alcohol; C;H3(^ \ Alcohol. 

CHjOH) OH ) 

With the non-saturated compounds a ipuch larger number 
of isomers is possible. 
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FOLYMERISM. 



POLTKEBIC compoiiiids are those wliich liave the same per- 
centage compodtioii bat different moleciilar weight. 

Hie following snbetances containing twice aa many hydrogen 
BM carbon atoms are fllnstrationa t 

C2H4, Ethylene. 
C,H^ Propylene. 
C^g, Bn^lene. 
C^Hi^ Amylene. 



METAMERISM. 

Metamebic bodies are those which have the same mole- 
cular weight and percentage composition, but are formed by 
different radicals which nukke up the same total number of 
atoms. The following are examples : 

C3H7 ) CH, ) 

H > N, Propylamine ; O2H5 > N, Methyl Ethylamine ; 



H 



CHj > N, Trimethylamine. 
CH3 



^*^7 I 0, Dipropyl Ether ; ^^» | 0, Methyl Amyl Ether ; 
^2^« I 0, Ethyl Butyl Ether. 

^*^ H I ^' ^"*y"« ^^^^ 5 C H^ I ^' Methyl Propionate ; 
C^^ I ^' ^^^y^ Acetate ; ^]^ | O, Propyl Formate. 
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ORGANIC ANALYSIS. 

To estimate the Htdbogen Ain> Carbon : 

When any compound of carbon and hydrogen is heated to 
redness in excess of oxygen, complete combustion takes place : 
oxidation of the carbon results, with the, formation of carbonic 
anhydride (COj), whilst the hydrogen unites with oxygen to 
form water (H»0). If, therefore, a ^ven weight of such a 
compound be burnt, and the quantily of CO^ and H^O be 
weighed, the weight of carbon and of hydrogen contained in 
the substance can be ascertained. 

The combustion of a 8oUd organic substance is performed in 
a combustion tube, and can be made either in a current of 
oxveen or by mixing it with cupric oxide, CuO, which at a 
red neat readily parts with its oxygen to the carbon and 
hydroeen. In each case the products of the combustion are 
carefully collected and weighed. 

The water produced in this operation is collected in a tube 
filled with pieces of chloride of calcium^ by which aqueous 
vapour is entirely absorbed. The carbonic anhydride passes 
unabsorbed throujgh the tube, and is received into a bulb- 
apparatus containing a strong solution of caustic potash. 

The weights of the water and carbonic anhydride are respec- 
tively estimated by the increase in weight of the chloride of 
calcium tube and potash bulbs. 

In analysing an organic liquid, this must be sealed up in 
a small weighed glass bulb drawn out to a fine point. After 
a second weighing the point is broken off, and the glass bulb 
is placed in the combustion tube, and the operation con- 
ducted as already indicated. Should nitrogen be present 
in the substance under analysis, copper turnings must be 
placed in the front part of the tube in order to decompose any 
nitrons fumes that may form and might be absorbed by the 
potash. 

To determine the Nitrooen. 

By heating nitrogenous organic bodies with caustic potash 
or soda, the whole of their contained nitrogen is given off in 
the form of ammonia. From this circumstcuace a given weight 
of the substance is heated in a tube with <]^uicklime (CaO) and 
caustic soda (NaHO). Hydrochloric acid is added to the am- 
monia thus formed, and the weight of the ammonium chloride 
(NHvCl) produced is estimated as ammonio-platino-chloride 
by aading to it perchloride of platinum (PtClg). Every 100 
parts by weight of ammonio-platino-chloride contain 6 '33 
parts of nitrogen. 

2 
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When the nitrogen is contained as an oxide, the ahove 
method is inapplicable, since these oxides are not completely 
transformed into ammonia. The substance must then be heated 
Avith a mixtore of mercury and copper oxides, and the pro- 
duced gases passed over metallic copper. The nitrogen comes 
off as ^as, and is purified by caustic soda from the carbonic 
anhydride evolved at the same time. 

To estimate Chlorine, Sulphur, and Phosphobvs. 

Chlorine is determined by heating the compound to red- 
ness in a tube containing quicklime (CaO) ; chloride of cidcium 
is formed, and to a solution of this in nitric acid nitrate of silver 
is added, the chlorine being weighed as chloride of silver. 

To determine the Sulphur and Phosphorus, the organic body 
is heated in a tube with nitrate of potash and carbonate of 
soda. The Sulphuric acid may be estimated as sulphate of 
baryta after the addition of a soluble salt of barium, and the 
Phosphoric aM as ammonio-magnesian-phosphate by the addi- 
tion of sulphate of magnesia and liquor ammonisB. 

The weight of Oxygkn is obtained by subtracting the sum 
of the weights of all the constituents that have been directly 
determined from the weight of the substance taken ; t.6., by 
difference. 

DETERMINATION OF THE COMPOSITION, MOLE- 
CULAR WEIGHT AND FORMULA OF AN ORGANIC 
COMPOUND. 

Having obtained the relation^ we must next find the formula 
and molecular weight. Now, upon analysing 0*395 grammes 
of glacial acetic acid the foUo'vidng results are yielded : of 
carbonic anhydride 0*580 grammes, of water 0'235 grammes. 
Therefore, allowing for the oxygen, the amount of which is 
obtained by the difference, and calculating from the known 
atomic weights of C, H, and O, the following percentage com* 
position is obtained. 
100 parts of glacial acetic acid consist of — 

Carbon 40*0 

Hydrogen 6*6 

Oxygen (by difference) ... 53*4 

100-0 
If these numbers are respectively divided by the combining 
weights of C(-12), H(=-l) and 0( = 16), thus— 

^-3-3- ^^-.6-6. ^^-^-q-S 
^-33, T-^®' -16 ^^' 
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the relation of the conetitaeiits is obtained. The hydrogen 
atom is doable of either the carbon atom or theos^gen atom ; 
the constitution of acetic acid is therefore CdHjiiOb* ; but 
how are we to determine whether the correct formula is CH20» 
^AO), or CgHgOg, or whether even a higher number of car- 
bon atoms is contained? To determine this point, and there- 
fore the molecular weight of the body, some compound of it 
with a well-known element, such as silver, for instance, must 
be found, in which one atom of silver replaces the atom of 
hydrogen in acetic acid ; or rather* we must discover the 
weight of C, H, and O, in the ascertained relative propor- 
tion which forms a compound with one atom of silver. Now, 
only one such compound of acetic acid and silver exists, and 
by experiment it is found that 100 parts of acetate of silver 
contain 64*68 parts by weight of silver ; consequently, the 
weight of carbon, hydrogen, and oxygen, combined with 
silver (Ag - lOS) -* 

35:^108 . 58-98. 

64*68 

Bnt in the acetate of silver one atom of hydrogen was replaced 

by silver, and therefore the molecular weight of the glacial 

acetic acid is found to be 58*98 + 1 *- 59*98, or its formiua is — 

a - 24) 

Hi - 4 V - C2H4OJJ. 

Og - 32 ) 

60 

This slight difference arises from the inevitable errors of 
experiment. . ^ 

The molecular weights of organic bases are determined* in 
a similar manner by ascertaining the weight of the substance 
which combines with a known weight of hydrochloric acid to 
form a salt. 

THE DENSITY OR SPECIFIC GRAVITY OP THE 
VAPOURS OF VOLATILE ORGANIC BODIES. 

The vapour volume of almost all volatile inorganic com- 
pounds is twice that occupied by the atom of hydrogen. To 
this law there are very few exceptions, and these may be ex* 
plained bythd fact of decomposition oocurTin([ when' they are 
heated. The molecule of water, H3O, weighmg 18^ occupies 
twice as large a volume as the atom of hydrogen, weighing 1, 
or the density of water-gas is 9. 

* By the co-efficient ■- is implied any number di atoUS. 

2—2 
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HydioeUorie add, HCl, wdg^usg 36*5^ occupies two 
Tolnmct, and its density ia 18'75. Ammoaia^ NH,, weigjhing 
17, haa a density of 8 '5. 

In organic chemistry the aame simple rehition is observed. 

*' The tnoUetde of every volatile organic compound occupies 
a volume twice as large as thai occupied by an atom of hydrogen 
weighing \; or the denrity of an organic compound is haJf its 
molecnua/r weight. ^ 

The density of acetic add vapoor is experimentally found 
to be dO'07 (H — 1), and thus is obsenred a molecular weight 
to acetic add of 60*14 ; and this agrees with the experiments 
above described. It is evident, therefore, that the experi- 
mental determination of the vaponr densities of organic com- 
pounds is important as a means of controlling the correctness 
of the molecolar weight found by the foregoing methods . 

DEY OE DE3TKUCTIVE DISTILLATION. 

This operation consists in exposing organic bodies of simple 
constitution to a hieh but regulated temperature in a retort. 
By this means per&ctly defmite new compounds, together 
with carbonic annydride and water, are often eliminate£ By 
suddenly raising the heat to redness, the decomposition 
ceases to be regular, the watery vapour and carbonic anhy- 
dride give place to inflammable gases, such as hydrocarbons 
and carbonic oxide ; tar and oily matters distil over, and at 
the end of the process the retort usually contains a residue of 
charcoal. 

THE BOILING-POINT. 

Under ^ven circumstances of pressure, a constant and fixed 
boilinff-pomt is observed in every volatile chemical compound. 
This »ot is important in the determination of the puri^ of an 
oraanio Uquid, and in the separation of the constituents of a 
mixture by the aid of continued or FracUonal DiatiUation, 

The boiling-points of the homologous series of chlorides, 
alcohols, hyc&ides, etc., rise with the increase of carbon, and 
very often in proportion to this increase, although no seneral 
law of connection between chemical composition and boiling 
point can be expressed. 

The following is the method by which liquids boiling at 
different points are separated by means of 

FRACTIONAL DISTILLATION. 
The mixture is heated in a flask, from the top of which 
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passes a bulb-tube, the large surface of which allows the 
vapour of the less volatile constituents to condense and return 
to the flask. A thermometer is placed in the bulb-tube and 
indicates the temperature. If this temperature rise beyond 
a given point, the liquid already distilled over is taken away, 
and an empty flask is supplied in its place to collect the next 
portion of fluid which comes over. 

TYPICAL FOKMULiE. 

Thx Classification of Organic Compottnds accordino 

TO Types. 

The majority of organic compounds may be arranged under 
the types of 1, 2, 3, or more atoms of water, and thus a 
remarkable analogy is presented between the carbon and the 
mineral compounds.* 

All the moncUomic alcohols having the formula CbHsb+sO 

may be regarded as 1 molecule of water, -n- [ 0, in which 1 

atom of hydrogen is replaced by a moTiad radical, the general 
formula of which is CnHan+i ; & series of diatomic ucohols 
exists with the generic formula CnH2n+s02, or (CnH2n)''(OH)2, 
and are constructed upon the type of 2 molecules of water, 

^ ( O2, in which 2 atoms of hydrogen are replaced by the 

dyad radical of the formula CnlLni and lastly there is a series 
of triatomic alcohols of the general formula, CiiH2n + 308, in 

which 3 molecules of water, -g^ I O3, are the type, and in which 

3 atoms of hydrogen are replaced by a triatomic radical, 

CnHjn-i* 

The. type of the molecule of free hydrogen, namely, ;g [ > ^> 

frequently employed in organic chemistry, of which illustra- 
tions are the chlorides and hydrides of the mono-, di-, and 
tri- carbon series previously noted. A third type upon which 
numerous organic compounds are constructed is the ammonia 

type, H > N. Examples of this have been observed in the 

H) 
inorganic section, viz., H > P, Phosphuretted hydrogen 

• Sec Appendix, Part II. 
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H) H) 

H > Sb^ Aotimoiiiiiietied hydrpgen, H } As, Anemmetted 

HJ H) 

hydrogen, etc. 

A laree number of c o m po on d ammoniM will be noticed in 
the carbon c<Mnpoiinda, all of them built upon the model of 
tbe simple inorganic ammonia, one or more atoms of hydrogen 
beinff replaced by organic radicals. ^ 

Au organic compounds the constitntion of which is under- 
stood, may be thns referred to one of the above-mentioned 
3 great types, viz.. 



H 
H 



j; gjO; IJN. 



'Hydrogen type. Water type: Ammonia type. 



An Orffonic Cowipounda m&j be arranged in the following 
twenty groups : 

Class 

L Hydrocarbons, with an even number of hydrogen 
atoms. 
n. Alcohols. 
IlL Haloid Ethers. 
IV. Oxygen Ethers. 
y. Mercaptans, or Snlphnr Alcohols. 
VJ. Selenium Alcohols. 
YII. Sulphur and Selenium Ethers. 
VIII. G<mipound Ethers. 
IX Aldehydes. 
X Or^;amc Adds. 
XL Acid Halides. 
XIL Acid Oxides. 
XEII. Ketones, or AcetoneSi 
XIV. Amines. 

XV. Alcoholic Ammonium Compounds. 
XVL Fhosphoros, Arsenic, and Antimony Compounds 
resemblii^ the two clasnes immediately pre- 
^^ ceding. 

XVII. Organo-metallic Compounds not analogous to Am- 
monia or Ammonium Salts. 
XVni. Amides. 
XIX Amic Acids. 
XX Substances not included in the above groups* 
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GEOTJP L— HYDROCARBONS, WITH AN EVEN 
NUMBER OF HYDROGEN ATOMS. 

These are frequently considered to be hydrides of organic 
radicals* in whion the nnmbers of hydrogen atoms are uneven ; 
thoB CH4 may be regarded as CH3H. 

Ist Series, — ^C^Hsb + 3. Paraffins. These are all saturated 
hydrocarbons, and receive this name since, by being satu- 
rated, they have no tendency to unite with other substances 
{parum, but little ; afinia, related). 

Sixteen of these have been prepared, containing from 1 to 16 
atoms of carbon in each molecule. Many exist naturally in 
American and other mineral oils. They are the following : 

Methane, CH4. Septane, C7H10. Duodecane, C^j^^ 

Ethane, CJBL.. Octane, CgH^g. Tridecane, C13JBU.. 

Propane, v^Sg. Nonane, C9H00. Qaatnordecane, ^4Hso. 

Qnartane, O^Hio* Decane, C10H33. Quindecane, Cj^^, 

Quintane, OsHu. TJndecane, Cj^iH^. Sezdecane, C18H34. 
Sextane, CeHi^. 

The first four are gaseous, the remainder liquids. They 
occur in nature, but may also be prepared artificially in the 
following modes : 

(1) By acting upon alcoholic iodides with metallic zino. 

(2) By the dry distillation of cannel coal and boghead, etc. 
2nd Series. — CBH2n* Olefines. These are thirteen in 

number, and are all exact multiples of CH,, as follows : 

Methsne, GH^ Sextene, CeH^s. Decene, C^o^io- 

Ethene^ Cfi4. Septene, (XH14. Sexdecene, C^^^^ 

Propene, CsHe. Octene, OMifi* Septivigintene, C^'EL^. 

Qnartene, G4H8. Nonene, C9H13. Tngintene, C^fi^ 
Qointene, CgHio. 

The lower compounds of this series are gaseous, the hiffher 
solid, and the intermediate liquid. They may be prepared by 
the decomposition of nascent paraffins, by the action of 
the metals sodium or zinc upon alcoholic iodides, or by de- 
composing butyrates or acetates at a red heat. 

3rd Series.— iy^L^-^, There are only five of th »e pro- 
curable, viz. : 

Ethine, GJ^. Quartine, C4H^. Seztine, CJ I^o • 
Propine, C8H4. Quintine, C5H3. 

The first two are gaseous, the rest Uquids ; and th sy may 
be prepared by heating the bromides of the define derivatives 
wiui sodium ethylate. 
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4ih Series. — CaH2D-4* Quintone, C^H^, is the only known 
compound of this series ; bat certain volatile oils, termed Ter- 
penes, G]oH]e, fonnd already formed in some plmts, are in- 
cluded under this heading. 

QuinUme is a liquid prepared from an alcoholic solution of 
potash with quintine oibromide. Terjpenes are chiefly found 
in plants of the orders AurantiaccflB and Conifers. 
Amongst them are included the oils of turpentine, bergamoti 
lemon, orange, caraway, cloves, juniper, thjrme, etc. 

lUh ^metf.--CjiH2n-«. Aromatic Hydrocarbons. Only 
six have been prepared, viz. : 

Benzene, OgHg. Xylene, OaH.o. Cymene, C10H14. 
Toluene, C7Hg. Cumene, C9H12. Ajnylxylene, CiJEqq. 

All except the last substance may be obtained by fractional 
distillation from the lighter oil formed by the destructive dis- 
tillation of coal. They are all liquids. 

6^A iS^en'M.— CuHjn.s* ^^<> ^^^7 ^^^^ ^^n prepared, viz. : 
Phenylene, Cf^H.^ ; and Cinnamene, CgHs- 

The latter is an oil existing in storax ; but very little is 
known of the first. 

*Jth Seriee, — CnHan-i©. Two of these only are supposed to 
have been separated, and they are as yet unnamed. 

Sth Seriee, — CnHsn-io. Naphthalene, CioHg is the only one 
that has been procured, and this is unimportant. 

9th Series, — OnHjn- 14. The only known members of this series 
are, Diphenyl, CisHio» and Dibenzol, O14H24. Both are solids. 

lOth Series,— CJizn^ie* Stilbene, C14H13, is the only com' 
pound known. It occurs in mother-of-pean-like plates. 

llth Series, — CnHan-ig. Anthracene, Ci4Hio. This is pre- 
pared by the dry distillation of coal. It occurs in small mi- 
oaoeonsplates. 

12th Series,— CnlBi^n-u* Chrysene, C^sHia. This occurs in 
yellow crystalline plates, and is prepared by heating diphenyl 
in a tube with hydrogen. 

The following formuloa show the general p!r.n of formation 
of the hydrocarbons with an even number of carbon atoms. 
Thus- 

7th Series.— CaH^-iQ. 



iBt Series.— CnHoB+a* 
2nd „ ag;,. 

4th „ GgHtn-4* 

5th ,« C^Hg^_^ 
6th pt CBHgii~3« 



Sth „ CbHqb-is. 

9th „ C»Ha„-i4. 

10th „ CbH^.j,. 

llth I, CnH^a-is* 

12tli ,, OjiHgB— 34* 
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The following table is a good illustration of these series ; 
the first six, however, are only included with the names 
given them by Hofman, who has adopted the five vowels, 
a, e, i, o, u, the terminations being -ane, -ene, -ine, -one, -une, 
respectively. Thus — 



IsrSsRnES. 
Parajffbu. 



CH4 
Methane. 

Ethane. 

Propane. 

C4H10 
Quartane. 

Qnmtane. 

Sextane. 



2kd Sebies. 



CH3 
Methene. 

CaH4 
Ethene. 

CsHg 
Propene. 

C4H8 
Quartene. 

Quintene. 

Sextene. 



3rd Series. 



C2H] 

Ethine. 

C3H4 
Propine. 

C4He 
Quartme. 

Quintine. 

Sextine. 



4th Series. 



C3H3 
Propone. 

C4H4 

Quartone. 
Quintone. 
Sextone. 



5th Series. 



C4H2 
Quartune. 

Quintune. 

Sextune. 






CgHa. 
G0H4. 



eg 



QQ 



CgHj. 



If this table be read from above downwards, an Homo- 
hgous series is presented, each differing from the one imme- 
diately above or oelow it by CH2 ; if read from left to light, an 
hologoua series appears, each molecule possessing Hg less 
than the one precedm^. 

From this it is obvious that a saturated hydrocarbon may 
be deprived of one or more atoms of hydrogen, and produce 
new homologous series ; thus methane, CH4, may oecome 
CHj (methene) ; ethane, CgHg, become C2H4 (ethene) ; pro- 
pane, CgHs, may form CgHg (propene), etc. These new sub- 
stances are therefore molecules of unsaturated hydrocarbons, 
having two bonds uncombined and free, and consequently 
acting as dyads. Again, C^H^ C3H0, and C4H3 may by suit- 
able means lose a second molecule of hydrogen ; and other 
series are developed, viz. : G2H2 (ethine), ^8^4 (propine), etc., 
each beinff quadrivalent or tetrad, since they present /our bonds 
onsatisfiea and free. 
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In the preceding table, if R represent the radical, it will ap- 
pear that the Hydride of each series is formed by the addition 
of H to the radical, thus, KH ; the Oxide, or EtJier, is formed 
by doubling the radical and addine O, thus, R^ + O. The 
Alcohol wi& be formed by adding HO to the radical, thus, 
B + HO ; the Aldehyde, by abstracting H from the radical 
and adding O, thus, (K- H) + O ; and the Add, by abstract- 
ing H from the radical and adding O2, thus, (K - H) + O^. 
For example let us take the ethyl series. Thus — 

R (radical). RH. (R)20. RHO. (R - H) + 0. (R - H) + O^. 
EthyL Hydride. Ether. Alcohol. Aldehyde. Acid(acetic;. 
C2H5. CjHgH. (CjHg^aO. CaHgHO. C2H4O. CaH40,. 

And so through all the different series. 

GROUP II.— ALCOHOLS. 

These organic compounds are composed of hydrocarbon 
radicals (therefore termed alcohol radicals) combined with 
hydroxyl (HO). 

The term alcohol, although at one time exclusively applied 
to spirits of wine, is now employed to designate a large class 
of organic compounds, differing greatly from each other in 
their properties and appearance, but resembling each other in 
being all saturated hyarocarbons, in which one or more of the 
hydrogen atoms have been replaced by hydroxyl (HO). 
Smce these radicals differ in their qnantivalence, we may 
have MonatomiCf Diatomic, Triatomic, and Polyatomic Alco- 
hols, in accordance with the number of hydroxyl (HO) 
molecules contained ; thus, from propene, CsHg, may be 
prepared three alcohols : the Monatomic Propyl Alcohol 
(0«H7)'(H0) ; the Diatomic Propene Alcohol(CjHe)"(HO), ; 
and the Triatomic Propene Alcohol (C2H5)">(HO)j. 

Alcohols are divisible into Primary, Secondary, or Tertiary^ 
according as the carbon atom which is combined with the 
hydroxyl is at the same time tmited with one, two, or three 
other carbon atoms. Thus — 

Primary. Secondary. Tertiary. 

ICH2, OHaf CH3 ( OH2, CHg ( CH3 

H ' ^1 H ' jCH, 

HO (HO ( HO 

These alcohols differ from one another in a remarkable de- 
jgtee ; and this difference is particularly noticeable when they 
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are sabjected to the action of oxidising agenti. They then 
nndei^^o the following changes : 

*Prvmary Alcohols are converted first into aldehydes, and 
then into adds containing the same number of carbon atoms. 

Secondary AleohoU are converted into acetones, which, upon 
forther oxidation, yield acids with a smaller number of carbon 
atoms. 

Tertiary Alcohols are decomposed without previous forma- 
tion of aldehydes or acetones, yielding acids with a smaller 
Qomber of carbon atoms. 

PRiMABr Alcohols. 

H 

In all of these, the group, CH2.OH, or — C — 0— H is pre- 

H 

sent, as may be observed in methyl alcohol, which is a com- 
pound of this group with hydrogen. Thus — 

H 
H— C— 0— II - CH.HO. 



H 
In ethyl alcohol this group is also present. Thus^ 

H 



CH,-C— 0— H - CjHftHO. 
H 



H H 

In the compound H~C — u — H it matters not which atom 




All pnmaTv alconols are derived trom metnyl aleonoi by 
replacing a nydrogen atom with hydrocarbon radicals of 
varioui oonstitntion and composition ; thus, in this alcohol,. 

* In BomaeD : " PMndpIea of TbeoisticBl Chemiatry." 



28 

By tl|e replacement of a hydrogen atom by methyl, GHj, 
we obtain ethyl alcohol, CH.^,0J3^,0Bl. 

By the replacement of a hydrogen atom by ethyl, CJS-^f 
-we obtain propyl alcohol, C^^stCB^O'EL 

By the replacement of a hydrogen atom by propyl, OsH^, 
we obtain butyl alcohol, C3H7,GH2,OHm 

Secondart Algohols. 

By replacing two hydrogen atoms of methyl alcohol with 
hydrocarbon radicals, alcohols are obtained in which the 
group CH2.OH is not contained. Thus — 

H-C— 0— H ; CHs— C-0 -H ; CH,— C-0— H. 

H H H 

Methyl AlcohoL Isopropyl Alcohol. Secondary Butyl 

AlcohoL 

Here the group CH.OH is present, and these bodies repre- 
sent the secondary alcohols, the simplest example of which is 
the substance given above, viz. : Isopropyl Alcohol, C^Hfi. 

Tertiaby Alcohols. 

By the replacement of three hydrogen atoms of methyl 
alcohol by hydrocarbon radicals, we obtain alcohols possess- 
ing neither the group CH2.OH, nor the group OH. OH. 
Thus— 

S CM* GaIik 

' i ' 

H— C— 0— H J CH,— C— O— H ; CH,— C-O-H. 

I I I 

XL UM« GHg 

Methyl Tertiary feutyl Tertiary Amyl 

AlcohoL Alcohol. AlcohoL 

These bodies represent the tertiary alcohols, and in them 
the group G.O.H is contained. 

The simplest example is the tertiary butyl alcohol^ Cfiifi, 
given above. 

GROUP ni.— HALOID ETHEBS. 

This name is applied to the componnda of hydi oe M ftwa 
radicals with the halogens chlorine, bromine, iodine, viz.: 
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Methyl Chloride, CH,a ; Ethyl Chloride, (C2Hs)>Cl ; Ethene 
Bromide, (C2H4)"Bra ; Propenyl Iodide, (C3H6)»'l3. 

QEOUP IV.— OXYGEN ETHERS, OR ALCOHOLIC 

OXIDES. 

These are compounds of oxygen with the hydrocarbon 
radicals, viz.: Ethyl Oxide, (CaHgJ^O; Ethene Oxide, 
(C,H,)V0. 

GROUP v.— MERCAPTANS,* OR SULPHUR ALCOHOLS. 

These sabstances may be regarded as alcohols in which 
the of the HO is replaced by sulphur (S) ; thus Methyl 
Alcohol is CH3HO ; Methyl Mercaptan, or Methyl Hydro* 
nilphide, is Cld^HS. 

Ethyl Alcohol is CsHeHO; Ethyl Mercaptan, or Ethyl 
Hydrosnlphide, is C2H0HS. 

GROUP VL— SELENIUM ALCOHOLS. 

These compounds are analoeous to the mercaptans, Sele- 
nium (Se) bein^ substituted for the Sulphur (S). Thus — 
Methyl Mercaptan, CH3HS ; Methyl Selenium Alcohol, 
Gfl^HSe. 

GROUP VIL— SULPHUR AND SELENIUM ETHERS 

Are similar to the oxygen ethers, S and Se replacing the 
oxygen in those substances. 

GROUP Vni.— COMPOUND ETHERS, OR ETHEREAL 

SALTS. 

These are formed by substituting an alcohol radical for an 
Atom of hydrogen (H) in an acid, exactly as an ordinary 
metallic siJt is formed. Thus, HsS04 <= Sulphuric Acid ; 
<C^8)^S04 - Monethyl Sulphate ; (C2H5)2S04 - Diethyl 
Sulphate. 

Oluoosides is the term applied to certain vegetable prin- 
ciples which, when boiled with a dilute acid, yield glucose ; 
these substances are considered to be compound ethers of the 
alcohols. They are the following : 

* Ooipora xnercorio apta, ie., bodies readily uniting with mercniy. 



1. Mtaulm* O^&gjOj. front Honecheitnuta, 

2. Amvgdtlin C„H„IfO,,, 3H,0 from Almondi. 

3. CBtbuiioAdd C,MU,n,N,SOKi -- from Seniu. 

4. Chitin Ci,K„N03 ftomluMota. 

5. Cotooynthin ... (' .^11, A i from Bitter apple. 

G. GftllaUDnm ... ( '.JLJ ij- from Nnt-galb. 

7. ConvolTulin ... I ,|n^„0,g from Jal^p, 

8. GlyoyTThizin... l:;,ll,„<l„ from Ziqnorice. 

0. Digitalin O^H^iO,,! from Foxglove. 

10. PHorizin C^H„0,o2ffjO ... from Apple-tree bark. 

11. 8»licin C,,H|,0, fromPopUreAWmowB. 

12. Elaterin CmH^O, .. ... from Squirting Gucnin- 

15. Hslicin C|,H,^ fromSAlicinuidmtrii: 

14. Qnuftciu C.j„HqO,! from Ugnam Vitn. 

le. Thujia Cji^Oij from Arlmr Vita. 

16. Jalapin C,,HeoO,„ from Jalap. 

17. MyronioAcid C,i,H„N;-aO,o from Mustard. 

18. Santonin ^leBie'J] from Santonica. 

10. Qnercitrin ... C„Hj„0,- from OaU-oak. 

20. Soammonin -.• C^Hg,0^g from Scammony. 

21. Populin C(|,H„0. from tbe Aspen. 

22. Saponin diH^O- from Soap- Wort 

23. Solania Culir,KU,g from Bitterawesb 

24. Arbotin Ci,Il,gO; from Bearberry. 



GROUP IX.-ALDEHYDE8. 



CjH,0 + O - H,0 + CiHiO. 

Ethyl alcohol and oxygen yield water and aldehyde. 

Aldehydes readily decompoae, undergoing further oxidatiiin 

by absorbing oxygen from the air, and are converted int" 

organio add*. Thus — 

CaH^O + O - CjH^O,. 
Aldehyde nnd Oxygen yield acetic acid. 
By the addition of nascent hydrogen, aldebydei msf be 
nconvorted into alcohols. 

* KoUmjTBr. 



The Alsehtdes a 
Cif„0 



i the foUowing : — 
Acrylic Aldehyde ... C,H.O 
C,H,0 



.-. C3.0 
... C,»fl„0 
... c,^:„o 



Formic Aldehydt 

A<»tic „ ... v-.ti^u Deazoic 

Propiaiiio „ ... C'jl^O Toluic 

Bn^lio „ ... C^H,<-) Cnmio 

Vtlerianio „ ... Cp,H|,,0 ^cooeryli< 

(EDantliyUc „ ... an.^O Salioylio „ ... C>H,0, 
Capric „ ... Cf,li|„0 Aniaic „ ... CgE.O, 

Enodio Aldehyde ... C,|iLjO 

The Glucoses may be resided aa Aldehydes of Alcohols. 
Iliey are all compoaed of CaHuO), and are the following : — 

1. Ordinaiy Glucose, or grape engar. 

2. Levalose from cane sugar and nitric acid. 

3. Maltose from malt. 

4. HoimitOBe from maDnite. 

6. GalactMe frommilk-Bugar,hy~the addition of an add. 

6. Inoeite from fleeh of animaU. 

7. Sorbite from red-aah berriea. 

8. Encolyn from Australian manna. 

A PoLTOLucoBio Alcohol is a substance containing less 
oiygen and hydrozea than the molecules of glucose from 
irhich it is supposed to be formed. Thus — 
SC^ijO.-HjO - C„HiiOii. 
GlncoBo - Water = Diglucoaic Alcohol (Ordinary Cane Sugar). 

This series includea Slarch, CaHi„0(, or more probably 
C,gHggOjB, Bud DextTiiK ; the latter is made by boiling starch 
with Bulphoric acid, or with DiaiUue, a aubatanco existing 
uuly in germinating grain. The starch tahes np a molecole 
of water (H,0). lliua^ 

C,bH„Oi, + HjO _ C,H„0, + aCsHjjOs. 
Starch and water yield glucose and dextrine. 

CeUulose and lignin from plants have the same composition 
as atorch, and are both convertible into grape-sugar. 

Glycogen, C(E,gOp is a principle found in the liver of 
aninula : it is not fermentable, and may be converted into 
glucose by the action of the blood, the pancreatic and salivary 
sectetdons, or by boiling with J}iastaat or a dilute add. 

GROUP X.-OEQANIC ACIDS. 
TheM may be considered aa compouuda of the oxygenated 



fadioals with bydroxyl (HO), and may be formed from the 
aloohoU by sabstitatiag for H«. Thai — 

Alcohol, C»H«0 + 20 - H^O + C.U A - CaH,OHO or 

Acetic acid. 

An alcohol may give rise to one or many acids, the nnmber 
•f which may be accurately ascertained by discovering how 
often the |pronp CH^O is possible of formation from iU 
raolecnle, smce the production of the acid is due to the sub- 
ntitntion of an atom of oxygen (0) for the two atoms of 
hydrop;en (H,) in this group, an acid radical, Oxatyl (COHO), 
resulting ; for instance, Ethene Alcohol, CjH^O,, is equal to 
2CHJHO« and by the oxidation of this Qltoollio Actd, Cfifip 
or CSifiO,COnO, is produced, which, upon further oxida- 
tion, yields Oxalic Acid, C2ILO4, or COHO,COHO, in aceor- 
dance with the removal of n^ or 2H^ and the substitution 
of or 0] for the displaced H. 

Affain, the basic power of the acid depends upon the 
number of molecules of oxatyl which are contained in it, 
t.0., upon the number of hydrogen molecules which have been 
taken from the original alcohol, and have been replaced by a 
corresponding amount of oxygen. 

GROUP XL— ACID HALIDES. 

These are compounds of the organic acids with the halofleus 
ehlorine, iodine, and bromine, and are defined as componnos of 
acid or oxygenated radicals with chlorine, iodine and Dromioe ; 
thus, CsH,OCl is Acetyl Chloride ; CjBsOBr, Acetyl Bromide. 

6B0UF XIL— ACID OXIDES, ANHYDBOUS ACIDS, 

AND ANHYDRIDES. 

These bear the. same relation to the adds as the 
ethers ol alcoholic oxides do to the alcohols ; thus, C 
» Ethyl Alcohol ; (CsH^LO - Ethyl Ether ; andCA^ 
^Vcetic Add ; whilst (Csll,0)20 - Acetic Oxide. 

GBOUP XIII.— KETONES OB ACETONES. 

This term is applied to those substances which are derired 
from Aldehydes by the substitution of an Alcohol Badkal for 
an atom of H in a group of its atoms of COH ; thns, Aedic 
AkUhydef CH^COH, forms Aedane, COfiOCH^ 

GBOUP XIV.— AMINES. COMPOUND AMMONIAS. 
These snhstanoes are produced by substitutiiu: an aloobol 

^} 
ladieal for the H in the type Ammonia, H V N. They a» 
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ienned MonaioineS) Diamines, Triamines, etc., since one or 
more molecnles of ammonia, t.6., NH3,2NH3,3NH3,4NH^, may 
engage in their formation. They are likewise termed Primary, 
Secondary, or Tertiary, according as the radical replaces one 
or more of the hydrogen atoms. 

Each hydrogen atom is not necessarily replaced by the 
same radical ; bat these may all differ as follows : — 

Methyl- 
Ammo- Methyl- Dimethyl- Trimethyl- Dimethyl- Ethyl- 

nia. amine. amine. amine. Ethylamine. Amylamine. 
H) CH3) CH3) CH3) CH, J CBL ) 

Since the AsnNES are regarded as compounds of alcohol 
radicals with (NH2)' Amidogen, (NH)" Imidogen, and (N)"< 
triad Nitrogen, they are often termed Alcohol Bases. Salts 
are formed bj the union of these compounds with acids. 

NiTRiLES IS the name given to those substances in which 
the H is entirely replaced by radicals. 

This group includes the vegetable alkaloids, since they are 
all apparently substitution-products of ammonia. Amongst 
them may be mentioned Aconitia, Atropia, Brucia, Cincho- 
nine, Codeia, Gonia, Hyoscyamia, Meconine, Morphia, Phy- 
sostigmine (Eserine), Quinia, Strychnia, Veratria, etc. 

GROUP XV.— ALCOHOLIC AMMONIUM COMPOUNDS 

Thene substances contain Pentad Nitrogen *(N^) combined 
with H, which, however, is always to a certain extent re- 
placed by alcohol radicals, viz. : 
Ethylammonium Diethylammoninm Tri-ethylammonium 

Chloride. Chloride. Chloride. 

CH. 





H >N^ 
H 

CI 

Tetra-ethylammonium Tetrethylammoniom 
Chloride. Hydrylate. 

C,Ha C2H5 

C,hAi^. CaH, >Nt. 

^ci'J %o' 

* Xntiogen is usually AM, hat often jmnImT, as here dbserred. 

3-2 



34 



GROUP XVL— ARSENIC, PHOSPHORUS AND ANTI- 

MONY COMPOUNDS. 

These are termed Arsikss, Phosphinbs, Stibines. They 
are analosous to the nitrogen componnds in Groups XTV. and 
XT. The metals apparently replace the nitrogen (both as 
triad and pentad) in ammonia. 

Methyl-Triethyl 



Triethyl Arsine. 

CjHg 

CjHb [ A8"«. 
CjHb 



Triethyl Phosphine. 

CjHj 
CaHa ^ P"«- 



Triethyl Stibine. 



Arsonium Chloride. 
C^ 

As^. 



CjHj 



CjHg 
CaHg 
CaH, 



Sb»". 



Tetramethyl-phosphonium 
Chloride. 
CH, 
CH3 

CHs >P^. 
CH3 
CI 

Tetrethyl Stiboniuin 
Hydrylate. 

CsHg 
C«Hp > Sb^ 



GROUP XVII.— ORGANO-METALLIC COMPOUNDS. 

This group includes the componnds formed by metals with 
organic radicals, such as Methyl, Ethyl, Amyl, etc., viz. : 
Aluminium Methyl, A1(CH,)„ and Zinc Ethyl, Zn(C2HB)s. 

GROUP XVIII. —AMIDES. 

These substances are similar in composition to the Amines, 
except that they form their compounds with Add-radkak 
widen replace the Hydrogen of Ammonia, and not that of the 
alcohol radicals. 

Amides may be monatomiCf diatomic^ or triatomkf and 
primary, secondary, or tertiary. When these contain Itniiogen 
(NH"), united with dyad acid radicals, they are called Imidss, 
thus, (C.H40,)"HN - Succinimide, whilst C,H50,H,N - 
Acetamide. 
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GROUP XIX.— AMIC ACIDS. 

In these compounds dyad and triad acid radicals are com* 
bined both with Amidogen (NH^) and Hydroxyl (HO). Thus— 
(C4HA)"SO,H2N - Succinamic Acid. 

GROUP XX. 

This group may be said to comprehend all organic sub- 
stances which cannot be correctly placed in any of the pre- 
ceding. There is an enormous number of these, and they are 
deriy^ chiefly from the vegetable and animal kingdoms, viz. : 
BlbameOy fibrin and casein. 



MONATOMIC ALCOHOL GROUP. 

The best known example of this class is ethyl alcohol, or 

a^irits of wine, C2H5HO. In common with the rest of the 
cohols in the series, this substance may be looked upon as 

water, ^ | 0, in which one atom of H is replaced by a 

compound radical Thus — 

]^ I O - Water ; ^^"^ | - Ethyl Alcohol. 

In the present case the radical is C2H5 (ethyl) ; and the 

constitution of this alcohol is analogous to caustic potash, 

K ) C H ) 

g > 0. A compound of ethyl also exists, viz. : q'S^ .{ 0, 

which bears exactly the same relation to alcohol (ethyhc) as 

K ) 
potassium monoxide, xr [ 0, does to caustic potash. By 

the addition of hydrochloric acid, hydrobromic acid, or 
hydriodic acid to this alcohol, we may obtain ethyl chloride, 
bromide, or iodide respectively. 

The following compounds of ethyl are known, analogous to 
the salts of potossium. 

KNO3 C2H3NO8 

(Nitrate of Potash) ; (Nitrate of Ethyl). 

KHSO4 CaHgHSO. 

(Hydrio Potassium Sulphate) ; (Hydric-Ethyl-Sulphate). 

K2SO4 (CJIb)jS04 

(Potassium Sulphate) ; (Ethyl Sulphate). 

KC1O3O2 C2HgC«ll302 

(AceUte of Potash) ; (Acetate of Ethyl). 

By oxidation, ethyl alcohol is first converted into ethyl 
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aldehyde, CJELfi, and subsequently into acetic acid, C2H4O2, 

each of which may be considered as an oxidised radical^ or as 

ethvl, in which one atom of oxygen replaces two atoms of 

hyarogen. Thus ethyl aldehyde is the hydride of a radical 

iGjH.fi, or acetyl) ; CjHjOH — hydride of acetyl, or ethyl 

aldehyde, and acetic acid is the hydroxide of acetyl, 

CjHaOHO. 

Au primary alcohols are capable of undergoing oxidation, 

yielding an acid and an aldehyde.^ All the resulting acids 

contain only one atom of H, which is replaceable by a metal, 

and they are therefore monobasic. This H may also be re- 

C H O ) 
placed by acetyl, giving rise to a substance, q^^q [ O, called 

acetate of acetyl, acetic anhydride, or anhydrous acetic acid. 

Upon the type ammonia, H > K, a aeries of compound am- 
monias are formed by ethyl alcohol. Thus we have-^ 
CjHj ) C3H5 ) C3H5 ) 

H 1 H \ C^,\ 

Ethyl-Amine. Di-Ethyl-Amine. . Tri-Ethyl-Aminc. 
Again, a peculiar substance may be formed by the snbati- 
tation of four atoms of ethyl for four of hydrogen in liquor 

ammonifls, ^^^*M 0. Thus— 

^^^''* I ^ - Tetra-BthyLAmmonium Hydrate. 

The oxygenised radical of these acids may replace one or 
more atoaos of the hydrogen in ammonia, giving liae to 
Anudi9. Thus, with acetyl (Cfifi), we have — 

CMfi ) CJHfi ) aSfi ) 



^ Aeetamide. Di-acetamide. Ethyl K-acetamide. 

The alcohol radicals also form compounds analegoos to the 
tri-hydiides of phosphorus and arsenic, viz. : 



\ H-r ■ - - 



P { fi-Phosphoni8 Tri'hydride; GsH, \ P-Tri-ethyl Fhos- 
( H C^g ) phuM. 

iH CH, 

H-AnttiioTri-hydride; CH« ^ As-TiMMynlAnin& 
H CH,' 
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Lastly, Bucb metals as sine (Zn) and tin (Stannnm, 8b| 

fonn compounds with alcohol radicals. Thus we have— 

i C H 
Zinc Ethyl, Zn j iff^f corresponding to Zino Chloride^ 

SCI I 2 » 

Qj ; and Stannethyl^ ZnifiJS.^^ corresponding to Tim 

Chloride, SnOs. 

SECONDARY ALCOHOLS. 

In these the hydroxy! (OH) is attached to a carbon atom, 
which is situated either between two other carbon atoms or 
in the centre of the chain. The Monocarbon and I)icarbon 
Series cannot give rise to any secondary' alcohols : the Tri- 
carbon series, containing the radical propyl, being the first in 
which snch componn Is are met with. 

The formula for secondary propyl alcohol is the follow- 
ing: 



CH, 



CHj 

CH. 



CHOH or C^^^3, It is also called Dimethyl CarbinoL 
OH, / Qg 

The formula for Carbinol itself is C | S' or Methyl 

(OH 

ICH, 
^, or Ethyl 
OH 
Alcohol, CsHqO. 

When these bodies are oxidised they give up two atoma of 
H, yielding a Ketone, but no aldehyde. Thus— 

CH, ( CH, 

CHOH - 2H - ] CO 
( CH3 ( CH3 

Dimethyl CarbinoL Dimethyl Ketone. 

Ketones form secondar^r alcohols b^ taking up H, bat do 
not yield corresponding acids when oxidised. 

Au secondary alcohols cont.ain the group CH3, which by 
oxidation is set free (combined with one carbon atom) as 
acetic acid, the remaining alcohol radical forming its corro* 
spending aeid. The following is the list of 



i 
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The Szoohdabt Alcx>holsu 
CH, 

^^», or CjHgO - Dimethyl CarbinoL 

OH 
CH, 

C ] ^», or C^HioO - Methyl-Ethyl CarbinoL 

OH 
CH, 

C I ^^, or CsHijO - Methyl-Propyl CarbinoL 

OH 
CH, 

C ] ^*^, or CeHi^O - Methyl-Butyl CarbinoL 

OH 
CH, 

C I ^•^", or CsHmO - Methyl-Hexyl CarbinoL 

( OH 

TERTIAKY ALC0H0U3. 

In these the hydroxy!, OH, is attached to an atom of carbon, 
-which is sitnated between three other carbon atoms. The 
starting-point of these bodies is the tetra-carbon series, viz. : 
trimuethyl carbinol or tertiary butyl alcohoL The following are 

Thb Tertiabt Alcohols. 
O j ^^^\ or C4HJ0O - Trimethyl CarbinoL 

C \ C-Hg , or C5H12O - Dimethyl-Ethyl CarbinoL 

( OH 

((CH,)^ 
C ] CJEL , or C^i^O - Dimethyl-Propyl CarbinoL 

1 CH, 
C { (CsH5)2, or CJIifi - Methyl-Diethyl CarbinoL 
f OH 

C I ^^^K or CyHieO, - Triethyl CarbinoL 

] C.m. , OT CflHisO, - Diethyl-Propyl CarbinoL 
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THE MONOOARBON OR METHYL SERIES. 

Methyl Alcohol, GHaHO. This sabstance is also called 
Wood Spirit, HydroxymetJiane, or Carbinol. It is met with 
in the oil of winter-green, derived from the OauUheria Pro- 
cumbenSf the oil of which consists of the acid-methyl-salicy- 
late (CH3HC7H4O3) ; and this alcohol is prepared from that 
componnd by the addition of a solution of potash (KHO)> 
Thus— 

OH3HC7H4O3 + KHO - KHC7H4O., + CHjHO. 

Acid-potassium-salicylato and methyl alcohol are formed. 

Methyl alcohol is a colourless fluid, having a peculiar odour 
and an unpleasant taste. It may be obtained pure by decom- 
posing methyl oxalate ((CH3)2C204) with water. 

The action of sulphuric acid (H2SO4} upon methyl alcohol 

(CH3HO) is the type of a general action. (Great care must be 

taken in mixing these substances, as much heat is evolved by 

their combination. ) The following are the reactions : — 

(a) CH3HO + H2SO4 - HoO + HCH3SO4. 

Water and Hydrogen-Methyl-Sulphate are formed. 

(CHslaO + H0SO4, 
(6) HCH8SO4 + CHsHO - or 

H2O + (CH8)jS04. 

Another molecule of the alcohol comes in contEict with the 
hydrogen-methyl-sulphate, and one of the above results takes 
place, i.e,, either dimethyl ether, (CH3)20, and sulphuric acid 
are formed, or water and dimethyl sulphate result, according 
as the excess of the sulphuric acid present is small or great. 

Methtl Chloride, CH3CI, is a colourless gas, with a 
sweetish taste and a peculiar odour. It bums with a pale- 
coloured flame, which la creenish at the edges, and may be 
prepared from methyl alcohol by the action of sulphuric acid 
(H2SO4) aud chloride of sodium (NaCl). Thus— 

(a) CH3HO + HaS04 = Hfi + CH8HSO4. 

Water and hydric-methyl-sulphate are formed, to which, 
chloride of sodium is added. Thus — 

(&) CH8HSO4 + NaCl - NaHS04 + CHjCl. 

Hydric-Bodium-snlphate and methyl chloride areformed, 
which may be collected over water. 

Methyl Hydride. — Marsh Gas, CH3H. This gas has been 
to some extent previously described.* Bv the slow action of 
chlorine upon this substance several suDstitution product* 
are formed, the chief amongst them being chloroform. 

♦ See Part L 
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lliTHrL Ethei{, or Methyl Oxids, (CTT,),©, is a colcmrless 
gat| with an ethereal oUour. It is prepared from methyl 
alcohol and sulpharic acid. Thaa — 

{a) CHjHO + HjSO. - HjO + CH,HS04. 
(6) CH,HS04 + CHaHO - HjS04 + (CH8)jO. 

Snlphnric acid and methyl ether are formed at the end of 
theprooeis. 

ToiB substance must be collected over mercury. 

Methtl Mercaptain, or Methyl Sulph-Hydrate, OHgHS, 
is a liquid of an offensive odour, prepared by the action of hydro- 
sulphate of potassium (KHS) upon calcium-methyl-snlphate 
(Ca(CH3,804)a). Thus— 

Ca(0H„S04)j + 2KHS - K2SO4 + CaS04 •*■ 2CH,HS. ' 

Sulphate of potash, sulphate of lime, and methyl mer- 
captan are formed. 

Methtl Cyanide, CHaCN', is a colourless li(]uid with a dis« 
agreeable odour, and is prepared by distilimg acetate of 
ammonia (NH4C2Hg02). Thus— 

NH4CaH,0a - 2ILfi - CHaCN. 

The ammonium salt loses two molecules of water, and 
methyl cyanide results. 

Methyl Nitrate, GHaNOa, is a colourless, ethoreal-smelliog 
liquid, obtained by the action of sulphuric acid (H28O4) and 
nitrate of potash (KNOa) upon methyl alcohol. Thus-^ 

(a) CH3HO + HgSO. - HjO + CH3HSO4. 

(b) CHaHS04 + KNO, - KHSO4 + CHaNO,. 

Hydrio-potassium-sulphate and nitrate of methyl are 
formed. 

THE DICARBON, DEUTYL, OR ETHYL SEEIEa 

Ethyl Aloohol, CsHbHO, or Hybroxtdb ofEthtl, is ob« 
tained in the vinous fermentation of sugar, a decomposition 
effected in aqueous solutions in the presence of yeast, alcohol 
and carbonio anhydride being chieny formed ; it can also be 
prepared by synthesis ; for if acetylene, GaHj, be taken and di- 
reoUy comoined with hydrogen (HA olenant sas, 0.H4, is 
formed. 0«H4 oombines direotlv with stronff Btuphuno aoid 
(ilgSOJ to form hydrogen-ethvl-snlphate ((LHa604), which, 
when boiled with water (HaO), forms siupnario aoid and 
aloohol. Thns— 

CaHeS04 -f H|0 - H1SO4 -)- OJELfiO, 
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Alcohol cannot be entirely separated froofi water by iimple 
distillation, the strongest spirit thus prepared c<mtaioing 10 
per cent, of water. To withdraw all the water, it is neces- 
sary to distil it witb potassium carbonate or qaicklime, which 
is capable of uniting with the water. A pure liquid is then 
formed, to which the name of Absolute Alconol is given. 
This substance is very inflammable, greedily absorbs moisture, 
and mixes with water in all proportions, the mixture under- 
going contraction and evolving heat : it is also a solvent of 
organic bases, resins, and essential oils. 

The Proof-Spirit of the Excise contains 50*8 parts by weight 
of alcohol to 49 '2 of water, and has a specific gravity of '920 
at 15°C. 

"Methylated Spirit" is the name given to a substance 
formed by the addition of 10 parts of wood-spirit to 90 parts 
of strong alcohol. This is used for scientific and manu- 
facturing purposes. 

More or less alcohol is contained in wine, beer and spirits ; 
certain essential oils, sugar, or extracts, being employed as 
flavouring agents. Whisky, brandy, and other spirits contain 
from 40 to ^ per cent, of alcohol ; wines, from 17 (port and 
madeira) to 7 or 8 (hock and light clarets) per cent. ; porter 
and strong ale contain from 6 to 8 per cent. 

If the vapour of alcohol be passed through a red-hot tube 
it is decomposed, with the production of hydrogen, marsh- 
gas, olefiant-gns, benzole, napthaline and other substances. 

Alcohol (C4H11O), by oxidation, is first converted into ethyl 
aldehyde (GpH40), and then into acetic acid (O2H4O2). 

The alkidine metals rapidly attack alcohol with &.e evolu- 
tion of hydrogen, and the formation <^ an alkaline-ethylate» 
Thus— 

CjHgHO + Na - NaCaHsO + H. 

Alcohol and sodium form sodium-ethylate and hydrogen* 

Strong sulphuric acid forms with alcohol, Hydrogen-Ethyl- 
Snlphate, or Sulphovinic Acid, with which salts termed ethyl- 
sulphates are formed. Thus we have— Sodinm-Ethyl-Snlpbate, 
Na,C8H5S04, and Potassium-Ethyl-Sulphate, K.CjHaSO^. 

Ethyl Hydride, G2H5K, is a tasteless, colourless gas. It 
mav be prepared by heating methyl iodide (CH9I) in a closed 
tube with metallic zinc (Zn) to 150''C. Thus— 

2CH,I + Zn - Znlg + C2H5H. 

Iodide of zinc and ethyl hydride result. 

ExHTL Cruoride, CsHsCl is a mobile liquid, with an eihtreal 
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odour. It may be obtained by acting upon alcohol with the 
pentachloride of phosphorus (PCI5). Thns — 

SCjPjHO + PCI5 - H8PO4 + HjO + SCsH^CL 

Tribasic phosphoric acid and water are formed, the chloride 
of ethyl volatilising and being condensed in a freezing mix- 
ture. 

Ethyl Bromide (CaHgBr) and Ethyl Iodide (CgHgl) maybe 
obtained by the action of bromine or iodine upon alcohol in 
the presence of phosphorus. 

Ether, Ethyl Oxide, (CaHg)^©, is a fragrant colourless 
liquid, burning with a white name, boiling at &°C, and having 
a specific gravity of 0'720. It yields the same prodncts as 
alcohol when exposed to oxidising agents, and is acted upon 
by chlorine, giving rise to numerous substitution products. 
It may be prepared by the following methods : — 

(1) By acting upon ethylate of potassium (KC2H5O) with 
iodide of ethyl (CjjHjI). thus— 

KC2H5O + C2H5I - KI + (C2H5)20. 

Iodide of potassium and ethylic-ether are formed. 

(2) By the addition of sulphuric acid (H2SO4) to ethylic 
alcohol (CaHeO). Thus— 

(a) CaHgO + H2SO4 - HgO + C2HeS04. 

Water and sulphovinic acid are formed. A second molecule 
of alcohol encounters the sulphovinic acid. Thns — 

(6) C2HeS04 + CsHgO - H2SO4 + (C2H6)20. 

Sulphuric acid and ether are formed. 

The above is termed the Continuous Etherification Process, 
since through the sulphuric acid, heated to 140^0, a stream of 
tJcohol may be continuously passed, a regular supply of "water 
and ether oeing obtained. 

Mixed Ethers (ethers in which two radicals are contained) 
are formed by acting, for example, with methylate of potas- 
sium (KCHsO) upon iodide of ethyl (CsHbI). Thus-^ 

KCH3O + C2H5I « KI + CH3,C,H50. 
Iodide of potassium and methyl-ethyl-ether are formed. 
The foUowing is a list of some of the simple and mixed 
ethers of this series: 



* Table or Siufle amd Mixed Dtuebs. 



'■H3 



Dimetliyl Ether ... C^Hfi 

Methyl-Bthyl-Ether CjHjO 

Diothyl Ether ... C,H,„0 ^>"j' ; 

Methyl-Amyl-Ether CaHnO ^^ 

Ethyl-Butyl-Ether ... CaH„0 ^^ 

Ethjl-Amyl-Ether ... C^H^fi g"^ 

Dibntyl Ether ... CaHuO ^*^ 

Ethyl-Hexyl-Ether ... CsHjsO ., " " 

Diamyl Ether ... CmH^O ., 



Pbofioihtril may aJao be obtained by diatilli^ potMsiu: 

cyftnide iKCN) with potaewom-etbyl-aiiipb ' " 

Tlrna— 



cyanide (KCK) with potaauam-ethyl-snlpbate (^C^SO^). 



KON + B,aH,.SO, - KjSO^ + C^.CN. 

Sulphate of pota^ being alBo farmed. 

When this mbBtsuce la heated with potash it yields Pro- 

pianic Acid (CjHgO,) ; and it may thna be regarded a» a nitro- 

?:a compoaud [nUrilj of the next higber carbon series (propyl), 
bus— 

C,H,N ■•■ 2H,0 - CjHjO, + NH,. 
?ropionitril and water yield propionic acid and ammaiiia. 
By acting upon propionitril with hydrogen (E) we obtaiu 
propylamine. Thus — 

c.H.om. IH - CH, j ^ . p„j,j^^,„ 

The above reaction is common to all the series of alcoholic 
cyanides, and by it ne can pass from a lower to a higher car- 
bon series, la tJie jiresent instance, from the 2nd carbon 
to the 3rd carbon eenea. 
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Ethtl Nitbite, G^H^Oj, is a pale-yellow, volatile liqnid, 
having an apple-like odour. It is prepared by acting upon 
alcohol with nitric acid. It is contained in the spiritos 
etheris nitrosi of the British Pharmacopoeia. 

^ Kthtl Nitbate, OjHbNO,, is only formed by the action of 
nitric acid upon alcohol in the presence of area, since this 
substance destroys any nitrons acid that may be formed, and 
which would obviate the prodnction of the nitrate. It pos- 
sesses a sweet taste and odour, and is not miscible with water. 

Ethyl Sulph-Hydrate or Mebcaptan , C2H5HS, is a 
limpid, colourless liquid, smelling strongly of onions ; it is 
very inflammable, and burns with a blue flame. 

It is obtained by the action of potassinm-snlph-hydrate 
(KHS) uponoalcium-ethyl-sulphate(Ca(C2H5)2(S04)o). thus— 
Ca(aHB)2(S04), + 2KHS - CaS04 + K2SO4 + 2CJH5HS. 

Sulphate of lime, sulphate of potash, and ethyl sulph- 
hydrate are formed. 

This substance can replace its typical hydrogen by metals, 
and forms an insoluble compound with mercury. 

Ethyl Sulphide, (C2H5)2S, is a colourless liquid, with a dis- 
agreeable odour ; it may be obtained by acting upon sulphide 
of potassium (KjS) with ethyl chloride, (C-HoJCl. Thus- 
K.S + 2CJlfil - 2K01 + (C2Hb)2S. 
Chloride of potassium and ethyl sulphide are formed. 

Sulpho-Ethtlio Aoid, Sulphovinic Acid, or Hydric- 
Ethyl-Sulphate, C2H5HSO.,, is a colourless liquid formed by 
aotiu;; upon alcohol (C2HBHO) with strong sulphuric acid 
(H2J5O4). Thus— 

CoHjHO + H2SO4 - H2O + C2H5HSO4. 
Water and sulpho-ethylic acid are formed. 

This acid form salts in which the typical hydrogen is re- 
placeable by a metal. 

Di-Ethyl Sulphate, (C2H5)2S04, is prepared by the action 
of sulphuric anhydride {§0^) upon ethylic-ether, (CaHglsO. 
Thus— 

(C2Hc)jO + SOg - (CJB[5)2S04. 

The Ethyl Phosphates correspond to the tribasic alkalme 
phosphates and contain 1 , 2, or 3 molecules of ethyl, by which 
the hydrogen in tribasic phosphoric acid is replaced : they are 
the following;, viz. : 

HsC^H JPO4 ; H(C2HQ)aP04 ; (C2H5)3P04 ; 

Dihydrio Ethyl Hydrio Diethyl Triethyl 

Phosphate ; Phosphate ; Phosphate. 

Ethyl Cyanate, CsHgCNO, is a colourless liquid, with a 
strong irritating odour. It may be prepared by the distills^ 
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tion of potassium cyanate (KCNO) with potassiom-etbyl- 
ralphate (KC2H5SO4). Thus— 

KCNO + KC3H6SO4 - K2SO4 + CjHbCNO. 
Sulphate of potash and ethyl cyanate are formed. 
When this substance is added to caustic potash (KRO), 
ethylamine (CsHsyHaN) and carbonate of potash (E3CO3) are 
foimed. Thus— 

C^sCNO + 2KH0 = C2H5,HjN + K2CO3. 
Ethyl Carbonate, (C.2H5).jCO.,, corresponds to potassium 
earbonate (H3CO3) and may be obtained by the action of iodide 
of ethyl (C2H0I) upoa carbonate of silver (AgoCO,). Thus — 
A&COs + 2C2H3I - 2AgI ^ (C,fl;)jC08. 
Iodide of silver and ethyl carbonate result. 
Ethyl Borate (C2H5)3B03 and various Ethyl Silicates 
are also known. 

The so-called Ethyl Radical "toust be regarded as Butyl 
Hydride, C4H9H, or 2(C3H5). 

Ko ethyl compounds can be prepared from C4B^ ; but 
when this substance is treated with chlorine, the chloride of 
the tetracarbon radical^ i.e,, C4HgCl, or Butyl Chloride, is 
produced. 

THE TRICARBON OR PROPYL SERIES. 

Primary Propyl Alcohol, C3H7HO. This is a colourless 
liquid obtained in the last products of the distillation of 
French brandies. It may be prepared by the action of 
hydrogen (H) upon acetone (( 01X3)200 >. Thus — 

(CHs)2C0 + 2H - C3H7HO. 

Sulphuric acid unites with propyl idcohol to form Hydric- 
PR0P7L-SaLPHATE, C3H7HSO4. By the oxidation of this 
alcohol Proplanic Acid is formed. 

Secondary Propyl Alcohol, or Dimethyl Carbinol, 
C(CH3)2H,HO, may be prepared from isopropyl iodide. By 
acting upon this last-named substance first with hydrogen, then 
with chlorine, thirdly with sodium-acetate, and lastly with 
caustic potash, we may obtain primary propyl alcohoL Thus 
from a secondary alcohol a primary alcohol can be procured. 

THE TETRACARBON OR BUTYL SERIES. 

Btttyl Alcohol, O4H9HO, is one of the last products of the 
distillation of spirits from the molasses of beetroot. 

It is also present in coal oils, and in the light oils from 
American petroleum. This alcohol, on oxidation, yields 
butyric add and butyl aldehyde ; it is therefore th« Primary 
alcohol. 
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Three other isomeric modifications exist, viz. : 

(1) C,C8H5,CH8,H, OH; Secondary Butyl Alcohol, or 
Ethyl-Methyl CarbinoL 

(2) C,CH,(CH3)2,HaOH; Fermentation Butyl Alcohol. 

(3) C,CHo,CH8,CH3,OH; Tertiary Butyl Alcohol, or Tri- 
Methyl Carbinol. 

The nitrate, chloride, iodide, and the ether of the butyl 
series are known. 

THE PENTA-CARBON OR AMYL SERIES. 

Amyl Alcohol, CgHi^HO, sometimes called f ousel oil, oil of 
grain, or oil of potato spirit, is formed during the distillation 
of potatoes, corn, etc. It appears at the end of the process, 
and is then purified by washing and rectification. It is a 
colourless oily liquid, with a pecuUar odour, a hot and acrid 
taste. With sulphuric acid and this substance, Hydbig- 
Amyl-Sulphate, C5H11HSO4, is formed. 

This alcohol furnishes an illustration of 'physical isomerism, 
since we are acquainted with two modifications of it ; one by 
which the plane of polarization is deviated to the right, the 
other by which it is unafiected, and which boils at a point 
two degrees lower than the first ; yet in their chemical cha- 
racters and constitution the two are exactly identicaL 

In the presence of oxygen (0), or platinum black, amyl 
alcohol is oxidised to Valerianic Acid (CgHjoOj). Thus — 

C5H11HO + 20 - H2O + C5H10O2. 

Amylates of sodium and potassium may be formed by re- 
placing the hydrogen of this alcohol by sodium or potassium. 

Amyl Ether, ifi^Yi)^^* ^^ prepared as a colourless liquid 
by acting upon amyl iodide (C5H21I) with potassium amylate 
(KCfiHiiO). Thus— 

CfiHiJ + KCgHnO - KI + (C^HiOaO. 

Iodide of potassium and amyl ether are formed. 

Amyl Hydride, CgHj^jiH, occurs in the light oils obtained 
by the distillation of coal ; it also exists in American petro- 
leum. 

Amyl Acetate, CsHu.CjHaOj, maybe obtained fay the dis- 
tillation of amyl alcohol (CgHj^iHO) with sulphurio acid 
(H2SO4) and acetate of potash (KCgHjOa). Thus— 

C5H11HO + HaS04 + KCjHpOa - KHSO4 + HjO + 

Potassium-hydric-sulphate, water, and amyl acetate are 
formed. 
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This snbstance possesses the odour of Jargonelle pears, and 
is used for making the sweetmeats known as ''peardrops." 

THE HIGHER ALCOHOLS. 

Hkxyl Alcohol, GgHigHO, is obtained from American 
petroleum. 

Hefttl Alcohol, C7H]5H0, is an oily, colcarless, aromatic 
fluid, insoluble in water ; it is obtaiped by the action of 
hydrogen (H) upon oenanthylic aldehyde (C7H14O). Thus — 

CyHi^O + 2H - C7H15HO. 

OCTTL Alcohol, OgHi7HO, is an aromatic limpid fluid, 
obtained by the distillation of potash with castor oil. 

Cettl Alcohol, C^e^soHO, is a white crystalline solid, 
prepared from potash (KHO) and spermaceti (palmitate of 
cetyl, O^Hg^OieHsiOj). Thus— 

OieH33,CigHgi02 + KHO = K.GjqH.^i(J2 "^ OigH33HO. 
Palmitate of potash and cetyl alcohol are formed. 

Ceeyl, or Cerotyl Alcohol, C27H55HO, is a white solid, 
formed by the action of potash (KHO) upon Chinese wax or 
cerotate of ceryl (C27H55,C27H5302). Thus — 

^Ti^SS*^W^5Z^2 + KHO = KC27H53O2 + C07H55HO. 

Cerotate of potash and cerotyl alcohol are formed. 
Melisyl Alcohol, CsoH^iHO, is a crystalline substance, 
having a silky lustre. It is contained in beeswax ; this wax 
contams myricin, or palmitate of melisyl. When melisyl 
alcohol is fused with potash, Melissic Acid, C^oHgoOg is pro- 
duced. 

In addition to the monatomic or primary alcohols already 
described, the following exist : — 



Styryl Alcohol, C9H9HO. 
Cholesterine, C2qH43II0. 



Vinyl Alcohol, C2H3HO. 
Allyl Alcohol, C3H6HO. 
Camphol» C10H17HO. 

THE COMPOUNDS OF THE ALCOHOL BADICALS 

WITH NITROGEN. 

CoMFOUim Alcoholic Ammoioas. 

C H ) 
Primary Monamines, as Ethylamine, ^2^5 ( N. 

C2H5) ^ 
Secondary Monamines, as Bi-Ethylamine, C3H5 > N. 

H ] 

Tertiary Monamines, as Tri-Ethylamine, C2H5 > N. 

C2H5 \ 



4S 

These axe all volatile ; they poeaeg s aa ammoaiaioal odour, 
and a atrang *i>f^i"» reactiofi, aod form salts with hydrochloric 



The eo mp e nwd aaimnniaa may he f onned by the ioUoviiig 
methods: — 

(1) By acting upon tiie eyanatea of the alooihol radicals 
with eanstic alkalieiL Thus — 

C^CNO + 2KH0 - K5OO, + CAHsN. 

Ethyl cyanate and caustic potash yield carbonate of potash 
etbylamine. 

J 2) By acting npon ammonia with the iodides of the alcohol 
licala, by whicn means the iodide of the compound am* 
moninm ia formed ; this, when treated with potash, forma the 
iMmipoond ammonia. Thns — 

C^I + NH3 = HI + C,H5,HaN. 

Ethyl iodide and ammonia yield hydriodic add and etbyl- 
amine. 

Ethyl iodide acts npon ethylamine, with the produotioii of 
hydriodic acid and di-ethylamine. Thos — 

CjHbI + CAHjN - HI + (CjHJjHN. 
It acts similarly npon di-ethylaminey forming tri-methyl- 
amine. Thus — 

CjHjI + {CjH^)^^ - HI 4- (CjH«)^. 

A substance termed Tetra - Ethylammoninm - Iodide, 
(CsH{)4NI, is formed by the combination of ethyl iodide 
with tri-ethylamine. 

With tetrachloride of platinnm the compound ammonias 
form doable salts, and the platinnm salt is Uie more soluble, 
as the number of organic nJiioaU contained is larger. 

Pbdcabt MoiTAXDas. 



Methylamine ... (CH3)HoN. 
Ethyiamiue ... (C^Hs)!!^. 
Propylamine ... (C'jH^iHsN. 
Butylamine ... (C^HsjU^. 



Amylamine ... (OgHu)Hs^. 
•Heptylamine ... (C^HisiHsN. 
Caproylamine . . . (CeHis)fij^; 
Octylamine ... (OgHijjHPi'. 



Secondakt Mokaminss. 

IM-Methylamine {CH,),HK. 

Di-£thylamine (C,Hf)gHN. 

Methyl- Kthylamino (CHj,CaH.)HN. 

Di-Amylamine (CsHu)2H!n. 
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Tertiary Monamines. 

Tri-Methylamine (CHOsN. 

Tri-Ethylamiae ... (aH5)8N. 

Di-Ethyl-Amylamine (C2H5)j5,ObHjiN, 

Tri-AmylamijQO (CjHuJN. 

Metliyl-Ethyl-Amylanuuo ... CH3,02H5,0,HnN. 



From the above table it will be observed that it is possible 
to have two or more bases of the same composition, but of 
different constitution ; C^HgN stands equally tor Tri-Methyl- 
ftinine and Methyl- Ethyiamine. 

COMPOUNDS OF THE ALCOHOL RADICALS WITH 

PHOSPHORUS. 

These l<odies correspond to the preceding, but contain 
phosphorus in |)lace of nitrogen ; thus, by acting upon zino 
ethyl with trichloride of phosphorus, we may obtain Tri- 
Methyl-Phosphine, (C2H5)3P. 

This last substance is a colourless liquid, possessing a dis- 
agreeable and powerful odour. Unlike the foregoing nitrogen 
bases, it combines directly with oxygen, chlorine and sulphur; 
with ethyl iodide it forms a substance termed Iodide of Tetra- 
Ethyl Phosphonium, (C2Hg)4PI. 

MoNETHYL PHOSPHUiE, CaH5,H2P, and Diethyl Phos- 
PHINE, (C3Hs)3P, may be obtained by the action of ethyl 
iodide upon phosphonium iodide (PH4I) in the presence of 
zinc oxide. 

COMPOUNDS OP THE ALCOHOL RADICALS WITH 

ARSENIC. 

The following substances are known in the Methyl Series, 
viz, ;— 

(1) Tri-Methyl-Arsine (CH3)3A8. 

(2) Arson- Di- Methyl (CH^IjAs. 

(3) Arsen-Mono-Methyl (CHsJAs. 

Tri-Methyl-Arsine is constructed npon the type am- 
monia ; the other two unite directly with one or two atoms 
of chlorine respectively, and then form compounds upon the 

H) 
general type, H > N. The following are known: 

Arseniuretted Hydrogen AsH,H,H. 

Tri-Methyl-Arsine AsCH8,UH„CH^ 

4—2 
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Amen-Di-Methyl Chlori<le ... A8CHg,CHj,Cl. 
Anen-Monometh^l Di-Chloride ... A8CH|Cl,Cr. 
Araenic Tri- Chloride A8C1,C1,C1. 

Tri-Methtl-Arsine is a colonrless liquid, formed bj acting 
upon an alloy of sodinin and araenic with methyl iodide. 

Arsen-Di-Methyl, or Cacodyl, A8(CH3)2, may be prepared 
by heating acetate of potash with anenions anhydride. It 
is a colourless liauid, of a garlic odour, and extremely 
poisonous, taking nre in contact with air. One of its impor- 
tant compounds is Cacodylic Acid (As(GH8)2H02). This is 
soluble in water, and not poisonous. 

COMPOUNDS OF THE ALCOHOL RADICALS WITH 
ANTIMONY, BISMUTH, AND BORON. 

Tri-Ethyl-Sti3INE, (C2HB)3Sb, is obtained by acting with 
an alloy of potassium and antimony upon ethyl iodide. This 
substance forms a compound with oxygen, chlorine, and sul- 
phur ; is a colourless liquid, and takes fire In contact with air. 

T^i-Eth-Bismutine, (C2H0)3Bi, is a compound analogons to 
the foregoing antimony compound. 

A corresponding compound with Boron is known, Bob-Ethtl 
((C2Hg)gB), which takes fire in air, burning with a greeu 
name. 

COMPOUNDS OP THE ALCOHOL RADICALS WITH 

METALS. 

ZiNO Ethtl, (C2Hj,)2Zn, may be obtained by the action of 
metallic zinc upon ethyl iodide. It is a colourless h'qnid, 
burning in air or oxygen with a greenish flame, and forming 
ethylate of zinc (Zn(C2H0)2O), when the oxidation proceeds 
slowly. 

When zinc ethyl acts upon silicon tetrachloride, Siiicox 
Ethyl is obtained ; when upon mercuric chloride, Mercuric 
Ethtl is formed; and on lead chloride. Lead Ethtl is 
formed. 

Compounds of the alcohol radicals with tin, lead, snd 
some other metals, can be prepared, the properties of which 
are somewhat analogous to the preceding. 

Compounds of ethyl with the Alkaline MdaU have also 
been obtained. 

Sodium Ethtl (NaC-Hg) will combine directly with car- 
bonic anhydride (CO,), forming Sodium Propionate. Thns— 

Na,CaHB + CO, - NaCgHgO,. 
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COMPOUNDS RESULTING FROM THE OXIDATION 

OF THE ALCOHOLS. 

It will have been observed that such oxidised produots as 
the aldehydes and acids contain a radical, in which two atoms 
of hydrogen (Hj) in the alcoholic radical are replaced by 
ene of oxygen (O). Thus — 

Methyl Alcohol, ^^a | 0, yields Formic Acid, ^^ I 0. 
Ethyl Alcohol, ^^gs | q, yields Acetic Acid, ^aggO | q 

By the substitution of an atom of chlorine (01) for the 
hydroxyl (HO) of an acid, the chloride is obtained. Thus — 

Acetic Acid, ^agjO | q^ ^^^^^ CgHsOCl, Acetyl Chloride. 

The hydrogen of the hydroxyl (HO) may also be replaced 
by alcohol rMicals or metals ; and thus we have — 

Hydric Acetate, ^^HjO | q. j^^j^yj Acetate, ^^^^ | O ; 
Potassium Acetate, ^^j^^O | q. 

A fatty acid may be reduced to an aldehyde by the distil- 
lation of a salt of such acid with a formiate. Thus — 

Potassium Potassium Potassium EthyL 
Acetate. Formiate. Carbonate. Aldehyde. 
KCgHaOa + KCHO2 - KaCOj + C2H4O. 

By replacement of the oxygen in the hydroxyl by sulphur 
we obtain — 

CaHsOjg. ^aH^jg. c^f | S. 

Thiacetic Acid. Thiacetate of Potash. Thiacetate of EthyL 

^) 
Upon the ammonia type, H > N, are formed the Amides. 

Thus — 

CoHjO ) 

H > N, Acetamide. 

H 

CH CO ) 
If we write Acetic Acid thus, ^ ^ | O, we shall see that 

this acid is a compound of an alcohol radical (CH«, Methyl) 

CO ) 
with the monad group, ^ 1 0,to which the name of Carboxyl 
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Ifl grrdtt. It nfatt he considered as entering intathe com- 
poBition of all the fatty acids, and it is obvious that it is 
loimed by the oxidation of methyl (CH3), since — 

I C^ " ^^y^ Hydride ; | ^^q^ - Ethyl Alcohol ; 

I cq5h ■" '^°®*^^ Acid. 
Thd MoNaBASic Acids may be obtained in the following 
modes: 

(1) By the direct oxidation of the alcohol having the some 
number of carbon atoms. Thns — 

CjHjHO + - H5O + C2H4O2. 
Ethyl Alcohol and Oxygen = Water and Acetic Acid. 

(2) From > the alcohol possessing one atom less of carbon. 
Thus— 

(a) By decomposing the alcoholic cyanide with potash, 
as follows : — 

Cj|H.CN yields CsHeOa. 
Ethyl Cyanide. Propianic Acid, 

(ft) By the action of carbonic anhydride upon the sodiom 
compound. Thus — 

NaiC^Hg) + CO2 - NaCjHgOa. 
Sodium ethyl and carbonic anhydride yield propionate of 
sodium. 

THE MONOCARBON SERIES. 

FORMIO Acid (GH3O2). This acid is found in stinging- 
nettles, and exists (ready formed), in the bodies of ants and 
caterpillars ; it is also said to enter into the composition of 
the poison of the bee and wasp. 

Preparation. — (1) By the oxidation of methy-alcohoL 
Thus— 

CHgHO + 20 - H2O + OH3O2. 

• Methyl- alcohol and oxygen yield water and formic acid. 

(2) By the decomposition of oxalic acid (C2H204>9 in the 
presence of glycerine and water, in which process carbonic 
anhydride and formic acid are formed. 

(3) By synthesis, i,e., the addition of carbonic oxide (CO), 
at 10(fC., to liquor potassee (KHO). Thus— 

r 00 + KHO - KCHO2 (Formiate of Potash). 

Formic acid is a colourless liquid having a strong acid taste 
and a sharp peculiar odour. It forms salts called furmiates, 
whioh are all soluble in- water. It reduces the salts of mer« 
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enry, silver, gold, and platinnin to the metallic state. Formi- 
ates, vhen heated with excess of baryta yield oxalates. 
CHJ 
PoRMAMiDE, H > N, is a colourless lioaid prepared by 

the action of ammonia upon f ormiate of ethyl. 

THE DIGARBON SERIES. Acetyl Compouhds. 

AcETTL Htdbidb, Or Ethylic Aldehyde, ^^ { , may 

be obtained by the oxidation of dilute alcohol with sulphuric 
acid and black oxide of manganese, or by the action of for- 
miate of potassium (KCHO2) upon acetate of potassium 
(KCjH,Oj>. Thus— 

KOaHjOa + KCHO2 - KaCOj + C2H4O. 

Carbonate of potash and ethyl aldehyde are formed. 
This aldehyde reduces silver from its compounds, and unites 
directly with nascent hydrogen to form ethyl alcohol. Thus — 

C2H4O + Hg - CaHgO. 
Aldehyde may exist in three polymeric modifications, viz. : 

Metaldehyde (C2H4O). Acraldehyde2(aH40}. Paraldehyde 

3(C2H40). 

This aldehyde is also isomeric with oxide of ethylene, and 

forms with ammonia a substance called Aldehyde Ammonia, 

C.H O ) 

j^-^ \ • In its reactions aldehyde often acts as the oxide 

of a dyad radical (C2H4), which is termed Ethylidene. 

AcETAL, i(f^\ [ Oi, is a derivative of aldehyde, and may 
be obtained by heating alcohol with aldehyde. 

Di-Methyl Acetal, Yqu*) \ O2, a substance similar in 

composition to acetal, is found in crude wood-spirit. 

G CI O ) 
Chloral, ^-^ | , may be regarded as aldehyde in which 

three atoms of hydrogen are replaced by three of chlorine. 
This substance reduces the silver salts and forms a crystal- 

line componnd with ammonia, ^-^h | , or chloral ammonia. 

It may be obtained by passing chlorine (Cl) through absolaio 
alcohol (CsHeO). Thus— 

CjH.O + 8C1 - 6Ha + CjClsHO. 
Hydrochloric acid and chloral are formed. 

Acamc Acn>, Hydaic Acetate, ^2^^ i q^ exists, although 
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in small qnantifcy, in the juices of some vegetables and plants. 
it may be prepared by the following processes : — 

(1) By the oxidation of alcohoL Thus — 

CJcLjaO + 20 - HjO + Cj^HA. 

(2) By direct union of sodium methyl (NaCH,) with car- 
bonic anhydride (COj). 

NaCH, + CO, - ^^^f I O, or Acetateof Sodium. 

(3) By acting with jDotash upon cyanide of methyL 

(4) By the dry distillation of wood ; the acid thus obtaiiied 
being termed Pyroligneoua Add, 

THE ACETOUS FERMENTATION. 

This term is applied to the process by which such alcoholic 
fluids as wine and beer are oxidised to acetic acid. These 
fluids are exposed to the action of the air for about fourteen 
days at a temperature of about 25^C., the alcohol then becomes 
converted into Acetum, or vinegar. The change is apparently 
caused by the presence of the mycoderma nceU (a pecaliar 
vegetable growth), which, floating upon the surface of the 
liquid, yields alcohol after the absorption of oxygen. 

Pure Acetic Acid is prepared by heating the acetate of 
sodium (NaCsHgO,) with strong sulphuric acid (EUS04). 
Thus— 

2NaC2H,02 + H2SO4 - NajSO^ + 2HC2H3O,. 
Sulphate of sodium and acetic acid are formed. 
Thus prepared, acetic acid is a colourless liquid, setting to 
an ice-like solid at IT'C, (hence the name ''GZociar' acetic 
acid), and having a boiling-point of 118°C. 

It possesses a strong acid taste, and a sharp peculiar smell 
With perchloride of iron this acid yields a dierry-red colour. 

Acetyl Chloride, C,HgOCl ; Acetyl Bbomide, C,H,OBr; 
and AcBTTL Iodide, C2H3OI, are known. 

Acetate of Acetyl, or Acetic Anhydride, C4H«0s, or 
C2H30,C2H802f is a colourless fluid, which is obtainedby the 
action of acetyl chloride (CsHsOCl) upon acetate of sooiam 
<NaC2H,02). Thus— 

NaCaH.O, + CjHgOCl - NaCl + (C2H80)aO. 
Chloride of sodium and acetate of acetyl are formed. 
AcBTYL Peroxide, {CJB.^OWo, may be obtained by actinff 
npon dioxide of barium (&1O2) with acetate of acetyl 
(CjHACgHjOJ. Thus— 

2CaHjO,C2H802 -I- BaOs - Ba2CaH802 + (CaH80)20,. 
Acetate of Darinm and acetyl peroxide result. 
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Chloracetic Acids. Chlorine may act upon acetic acid, 
Kplacing one, two, or three atoms of the hydrogen of the 
radical acetyl. Thus— 

H { ^ " MONOCHLOEACBTIC AciD ; 

C HCl O ) 

^ H* { ^ ~ DlCHLOKACETIC AciD ; 

^H* ( — Trichloracetic Acid. 

These acids form salts ansdogons to the acetates, and by 
the action of nascent hydrogen acetic acid may be generated 
from them. 

Thiacetic Acid, C2H3OHS, is a substance which bears the 
same relation to acetic acid as mercaptan does ix) alcohoL It 
is a colourless liquid with a nauseous smell; and may be 
obtained by acting upon acetic acid (HC3H3O2) with penta- 
sulphide of phosphorus (P2S5). Thus— 

SHCaHjOa + P2S5 - PgOg + 5C2H80,HS. 

Pentozide of phosphorus and thiacetic acid are formed. 
Thiacetic Anhydride, (C2H30)3S, also exists. 

C2H3O ) 
Acetamide, or Acetyl Ammonia, H > N, is a colour- 

H ) 
less solid, and may be obtained by the action of acetate of 
ethyl upon ammonia. Thus — 

C2H5,C2H302 + NH3 = CaHgHO + C2H3OH2N. 

Alcohol and acetamide are formed. 
DiACETAMiDE, (C2^0)2HN', is kuown; as is also Ethyl 

DUOETAMIDE, C2H5(C2H30)2N. 

Acetone, CH3O2HJ1O, may be considered as methyl acetyl. 
It is a colourless liquid, and may be formed bv the action of 
zinc methyl ((CH3)2Zn) upon acetyl chloride (C2H3OCI). 
ThoB — 

(Cfl8)2Zn + 2C2H80,a - ZnClj, + 2CH3CaH80. 

Chloride of zinc and acetone being formed. 

HIGHER FATTY ACIDS. 

These substances, with their formulaB, will be found in the 
table on pase 25. They occur in many natural fats, and are 
all obtainedby acting u^on beef or mutton stearine with nitric 
acid, lliev resemble, in their general characteristics, the 
first two of the series, viz. formic and acetic acids. 
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Those acids may be prepared synthetkaUy m the following 
modes : 

(1) By the direct combination of carbonic anhydride with 
the sodium or potassium compound of the next lower alcohol 
radicaL 

(2) By acting with potash upon the cyanide of the next 
lower alcohol radical. 

(3) By the replacement of one or two atoms of hydrogen in 
the radicals of the fatty acids by alcohol radicals. 

Most of these acids are oily fluids forming well-deflned 
salts. The higher members of the series occur in all fatty 
bodies. 

Stearic and palmitic acids are solid substances, and are 
obtained by the decomposition of the soaps made from beef- 
suet and palm«oil, which consist of stearate and palmitate of 
potassium. 

By these acids are formed Anhydrides, Chlorides, Alde- 
hydes, Amides, Acetones, and Compound Ethers, which c<ir< 
respond with the same compounds in the Acetyl Series in 
their general chemical characters and constitution. 



Some of the most simple terms of the group of monatomic 
acids and alcohols may be prepared synthetically from their 
elements, and from these lower terms by the addition of car- 
bon and hydrogen, we may pass to the higher ones, and thus 
ascend the series. 

From inorganic sources marsh gas (CHJ may be prepared 
as follows : 

(1) 2H2S + SCu + CS^ - 4CU2S + CH4. 
Sulphuretted hydrogen, metallic copper, and disulphide of 
carbon yield sulphide of copper Mid laaish gas : 
(2) CH4 -f- 2C1 « IICI + CH3CI. 
Marsh gas and chlorine gas give hydrochloric acid and 
methyl cmoride : 

(3) CHgCl + KHO - KCl + CH3HO. 
Methyl chloride and liquor potass® yield chloride of -potas- 
sium and methyl alcohol. 
We now pass to the dicarbon series by the following methods: 

(a) CH3HO + AgCN - AgHO + CHjCN, 
Methyl alcohol and silver cyanide yield silver hydrate and 
acetonitril. 

(6) Cfl,CN + H2O 4. KHO - NH, + KCgHjOjt. 
Acetonitril, water, and. liquor potass® give -ammonia and 
acetate of potash. 
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(e) KC3H3O2 + KCHOo - K2CO3 + C3H4O. 
Acetate 0! pctash and formiate of potash give carbonate 0! 
potash and ethyl aldehyde. 

{d) C2H4O + 2H - CaHgO. 
Aldehyde and hydrogen produce ethyl alcohol. 
By » repetition of the above processes we may pass to the 
tricarbon or propyl group. 

DIATOMIC ALCOHOLS AND THEIR PRINCIPAL 

DERIVATIVES. 

The general formula for these alcohols is CnHsnt as seen in 
ethylene, C2H4. They are non-saturated compounds, two of 
the combining atoms of the carbon being unsatisfied. These 
bodies directly unite with two adorns of chlorine, iodine, and 
bromine, to form saturated compounds. CHo, the lowest 
term of this series, and which has been termed Methylene, 
has never been isolated ; but its iodide, CH2I2) is known. 
The corresponding diatomic alcohol is unknown ; but the di- 
acetate has been obtained. 

Ethylene, C3H4, or Olefiant Gas. This substance has 
been already described* in earlier pages. It combines directly 
with chlorine to form a substance called 

Ethylene DiCHLORiDE, C^H^Cls) which is insoluble in water, 
bat is dissolved by ether and alcohol, and with chlorine forms 
numerous substitution products by the replacement of one» 
two, three, or four atoms of hydrogen. Thus — 

CaH4Cl2 ; C2H3CI3 ; C2H2Cr4 ; CgHClg ; CaClg. 

These bodies are isomeric with a series of chlorine substitu- 
tion products obtained from ethyl chloride. 

C H ) 
Ethtlekb Alcohol, or Glycol, CaHgOg, or 2^ | Oj, is 

built upon the type of two molecules of water, two hydrogen 
atoms being replaced by the dyad radical, Ethylene (G^B.^). 
It is a thick liquid, sweetish to the taste, without odour or 
colour ; eoluble in water and alcohol, and is prepared by acting 
upon the dibromide of ethylene (C2H46r2) with acetate of 
silver (AgCaHgOg). Tiaus— 

(a) 02H4Br2 + 2AgC2H303 - 2AgBr + C2H4(C2Hs02)2. 

Bromide of silver and diacetate of glycol are formed. 
Again — 

(6) C2H4(C2H302)2 + BaHoOj = Ba(C2H802)2 + C2H6O3. 

Diacetate of glycol and barium hydroxide yield diacetate 
of barium and glycol. 

*PartL 
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Glygollio Acid, C2H4OS, is obtained by the exposure of 
glycol to air and platinum black, oxygen being absorbed. 
Thufr— 

CsHgOa + 20 - HaO + C2H4O3. 

When glycol is heated with caustic potash to 240°C., hydro- 
gen and oxalate of potassium are produced. Thus — 

CaHgOa + 2KH0 - 8H + K2C2O4. 

It will thus be observed that glycollic and oxalic acids bear 
the same relation to glycol as acetic acid does to ethyl 
alcohol. 

Glyoxal, C2H20a, is an aldehyde formed from glycol by 
the loss of four atoms of hydrogen. 

Glycol forms two acids, and two chlorides, etc. When hydro- 
chloric acid (HCl) acts upon glycol, the first substance pro- 
duced is Glycol Chlobhydrine, i.e., glycol in which the 
monad group, HO, is replaced by one atom of chlorine. 
Thus— 

^3^4 I Q^ . Glycol. ^^H* I 0^ _ (jjy^^j Chlorhydrine. 

By the further action of chlorine a second atom of hydrogen 
is replaced, and ethylene chloride, C2H4CI2 results. 

Glycol forms a Mono-Acetate and a Di-Acetate. Mono- 
Ethyl Glycol and Di-Ethyl Glycol also exist. 

Ethylene Oxide, C2H4O, is a volatile, colourless liquid, 
which is formed when potash acts upon glycol chlorhydrine. 

By the direct union of C2H4O with 2H, Alcohol, CJB^O, is 
formed. 

Polyethylene Glycols are constructed upon the types of 
3, 4, 5, 6, etc., molecules of H3O; several molecules of C2H4 
being substituted for the hydrogen equivalent. Thus — 

XI \ II \ 

^2?Hn Di-Ethylene ^^^*in Tri-Ethylene 

C2H4 i * " Glycol. C2H4 ( ^* " GlycoL 

Ha/ HaJ 

II 
CjH^ 

^3^4 l^ Oe - Tetra-Ethylene Glycol 

H2C4 
II 
CaH4 

Ethylene Diamines are volatile bodies, prepared by the 
action of ammonia upon dibromide of ethylene, and ate 
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founded upon the type of two molecules of ammonia (2NHs), 
2, 4, or 6 atoms of hydrogen being replaced by ethylene. 

They may be primary, secondary, or tertiary, correspond- 
ing to the monamines already described. 

HIGHER DIATOMIC ALCOHOLS AND THEIR 

DERIVATIVES. 

The higher carbon series give rise to defines corresponding 
to ethylene. 



Ethylene 

Propylene 

Butylene 

Amylene 

Hexylene 

Heptylene 



* Table of Olefines. 
C2H4 lOctylene 



CaHg 

C^Hg 

C5H10 
CgHjg 
C7H14 



Decatylene 

(Diamylene) 

Cetene 

Cerotene 

Melene 



CxqHjo 

^16^32 



* Table of Glycols. 



Ethylene Alcohol ... CgHgOa 
Propylene Alcohol ... C^ilfi2 
Butylene Alcohol ... C4HioOa 



Amylene Alcohol... CgHigOj 
Hexylene Alcohol . . . CgHi402 
Octylene Alcohol . . , CqHiqOj 



DIATOMIC ACIDS PRODUCED BY THE OXIDATION 

OF THE GLYCOLS. 

Two series of these acids exist — one derived by the replace- 
ment of two atoms of hydrogen in the ethylene by one atom 
of oxygen, and the other by the replacement of all the four 
atoms of hydrogen in ethylene by two atoms of oxygen. The 
former of these is termed the Lactic Acid Series, the latter 
the Oxalic Acid Series. 

The following shows the relation of glycol to glycoUic and 
oxalic acids. 



jOj. 



Glycol. Glycollic Acid. 

The succeeding series of acids also exists, of which the follow- 
ing are the most important members : 



II 

C2O2 

Ha. 
Oxalic Acid. 



• These tables contain a complete list oi the olefines and glycols as far 
as fhey have been prepared. 
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GxNERAL Formula, ObHsuOs. Lactic Acm^BRixa. 

{Monobasic), 

CHnOa ... Carbonic Acid. 

C2H4O3 Glycollic Acid. 

CgH^Oa Lskctic Acid. 

General Formula, CaH2n-204. Oxalic Acid Series. 

{Dibasic), 

C2H2O4 Oxalic Acid. 

O3H4O4 Malonic Acid. 

C4He04 Succinic Acid. 

Carbonic Acid, H2CO3. This acid is known only in its 
salts. The hydrate has never been prepared. 

The radical Oarbonyl (CO) is supposed to be contained in 
these salts. As may be seen from its formula, carbonic acid 
contains only two atoms of replaceable hydrogen ; it may be 
written thus — OH, CO, HO, both the hydrozyl molecules being 
connected with the group CO. 

Two sets of carbonates are known : 
The Normal Potassium Carbonate, OK,CO,KO, or K5CO5. 
The Hydrogen Potassium Carbonate, OH,CO,KO, or HKCOj. 

Glycollic Acid, C2H4O3, may be prepared as a crystalline 
deliquescent mass by the oxidation of glycol, or by the action 
of liquor potassoe (KHO) upon potassium monochloracetate 
(KCiCaHaOg). Thus— 

KCIC2H2O2 + KHO - KCl + KC2H3O3. 

Chloride of potassium and glycoUate of potassium are 
formed. 

An Amide (glycollamide) and an Isomer (glycocoU) also 
exist. 

Oxalic Acid, CaH204, is found in the juice of many plants 
as oxalate of lime or potassium. It may be prepared by the 
following methods : 

(1) Si/ntheticaUyt by heating together metallic sodium (Na) 
and carbonic anhydride (COg) to 350°C. Thus — 

2Na + 2CO3 — Na2C204 or oxalate of sodium. 

(2) By the action of nitric acid upon sugar. 

(3) By the action of caustic potash upon sawdust, an oxa- 
late of potassium resulting ; from this salt oxalate of lime is 
obtained, sulphuric acid being subsequently added, with the 
formation of sulphate of Ume and oxalic acid. When 
heated to 160*C., oxalic acid speedily decomposes, with the 
formation of carbonic monoxide, carbonic dioxide, and 
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formic acid. It is dibaaio, and forms the following classes of 
salts: 

(1) Normal or Neutral Potassium Oxalate^ K2C^04 + H^^O. 

(2) Hydric or Acid Potassium Oxalate ... KHC2O4 + H2O. 

(3) Potassium Quadroxalate KH3(C204)2+2H2O. 

When oxalic acid is distilled with methyl or ethyl alcohols, 
the oxalates of these radicals are respectively obtained. 

OxAUTDE is obtained as a white powder by the action of 
heat upon neutral oxalate of ammonium, (NH4)2C204, twe 
molecules of water being removed. Thus — 

(NH4)A04 - 2H2O - (NH2)2C202. 
This substance may be looked upon as two molecules of 
H,) 
anmionia, H« > N9, in which two atoms of hydrogen are re- 

placed by C2O2. 

OxAMic Acid is prepared by heating the hydric ammonium 
oxalate (HNH4C2O4). The formula for this acid is NHsOgOa. 

Lactic Acid, Cs^fi^, is contained in sour milk, and is 
formed from sugar during the so-called Lactic Ferfnentation. It 
may be prepared, among other methods, by allowing hydro- 
cyanic acid (HON), hydrochloric acid (HCl), ethyl sddehyde 
(O2H4O), and water (EL^O) to remain in contact for some days. 
Thus— 

HON + HCl + C2H4O + 2H2O = NH4CI + CaHA- 
Chloride of ammonium and lactic acid are formed. 

This substance is a syrupy liquid, which, when heated, 
forms an anhydride, Lactide, C3H4O2, and an acid termed 
DiLACTic, CgHioOs. The lactates are all soluble in alcohol and 
water, and are a well-defined class of salts, which generally 
contain one atom of a metal, the other hydrogen atom being 
replaceable only by an organic radical. In this way we have 
Ethyl Lactic Acid, CoH5,H,C3H403, and 

Zinc Lactate, ZnlCaHjOala.SHaO. This substance crystal- 
lises in long shining needles. 

Lactamide, C3H702N, is a substance obtained by acting 
upon lactide with ammonia. 

It is the isomer of Alanine, which is formed by the combi- 
nation of water, aldehyde, and hydrocyanic acid. 

Alanine is decomposed by nitrous acid (HNO2). Thus — 
C3H7O2N + HNOa - H2O + 2N + CjHgOa. 
• Water, nitrogen, and lactic acid are formed. 

Lactttl Chloride, C3H4OCI2, is obtained by acting upon 
lactate of calcium with pentachloride of phosphorus. 
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Sarco-lactic or Paralactic Acid bears a close resemblance 
to lactic acid, with which it is isomeric. It exists in mus- 
cular tissue. The two acids are distinguished by the diffe- 
rence in their crystalline form and in uie solubility of theiF 
ssdts. 

Stjccinio Acid, C4Hg04, occurs in wormwood, amber, cer- 
tain resins, and in small (|[uantity in some animad juices. It 
may be obtained by distilling amber. It may also be arti- 
ficially prepared by the oxidising agency of nitric acid npon 
butyric acid (C^HgOj). Thus — 

C^HgOa +30 - HjO + C4H6O4. 
Water and succinic acid are formed. 

This acid forms, when heated with phosphorus penta- 
chloride, both a chloride and an anhydride. Bromine sub- 
stitution products are likewise known, viz. : C4H5Br04, 
Monobrom-SuRcinic Acid; and C4H4Br204, Dibrom-Succinic 
Acid. These last acids, when acted upon by silver oxide and 
water, respectively form malic and tartaric acids. 

Succinic acid is dibasic, and forms two classes of salts. 
The salts formed with the alkaline metals are soluble, and 
yield insoluble brown precipitates with the persalts of iron. 

Succinic Anhydride, C4H4O8, also exists. 

Stjccinamidb, C4H^0o(H2N)2, and Stjccinimide, C4H4O2HN, 
are the ammonia derivatives of succinic acid. 

Iso-SucciNio Acid is isomeric with succinic acid, and may 
be obtained by the action of potash upon cyano-propionic 
acid (CgHglCNJOa). 

Malic Acid, C^qQ^, occurs in the juice of nearly all 
fruits — ^in mountain ash berries and garden rhubarb. Although 
a triatomic acid, still only two of its Hhree tvpical hydrogen 
atoms are replaceable by a metal ; it therefore acts as if it 
were dibasic. All malates are soluble in water. If malic acid 
be heated to 180°C., water (HaO) is lost, and a new acid is 
formed, CMfi^ existing in two Isomeric conditions, viz. : as 
maleic ana f umaric acids. ^ By the direct union of these acids 
with hydrogen, succinic acid is produced. 

Tartaric Acid, CJifia, resides in the juice of such fruits as 
the tamarind and grape. It is deposited as argol,or acid tartrate 
of potash, in wine casks during the fermentation of grape 
juice. There are several isomeric conditions of tartaric 
acid, viz. : 

(1) The ordinary or Dextro-Tartaric Acid, by which the 
plane of polarisation is turned to the right. 

(2) The Inactive or Racemic Acid, which does not affect 
the polarised ray in any way. This may be divided into— 
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{a) Dextro-Tatitaric Acid, or the common acid. 

(b) LiBVO-TARTARic AciD. Deviafcliig the polarised plane 
to the left. 

Tartaric acid may be prepared by the action of nitric acid 
upon sugar of milk. It is dibasic, or contains two atoms of 
hydrogen which are replaceable by metals. Thus there are 
two classes of tartrates, viz. : 

Nentral Potassium Tartrate, ^ i Cfifi^. 

Hydric or Acid Potassium Tartrate, u | Cfifi^, 

The Dextro-Tartaric acid decomposes when heated to 180°C., 
giving out the odour of caramel. When exposed to oxidising 
agents it is converted into carbonic, oxalic and formic acids ; 
and when fused with caustic potash, acetic and oxalic acids 
result. With *antimony, tartaric acid forms tartar emetic 
(KSbOC4H408). 

A solution of tartaric acid gives, when added in excess to a 
moderately strong solution of a potassium salt, a white 
crystalline precipitate of cream of tartar, falling slowly. 

Silver nitrate produces in neutral tartrates a white precipi- 
tate of tartrate of silver, soluble in liquor ammonise ; and 
upon gently heating the solution, a bright metallic deposit of 
Sliver is formed. 

Citric Acid, CgHgO^, is tribasic, and occurs in the juice of 
the citrus limetta (the lime) and the lemon, and in many 
other fruits, along with malic acid. 

There are three series of citrates, in which one, two, or 
three atoms of hydrogen may be replaced by a metal. The 
citrates of the alkaline-earth metals, of silver and of lead, 
are insoluble in water, but those of the alkaline metals are 
soluble. 

CYANOGEN AND ITS COMPOUNDS.t 

The following are the most important of the compounds 
containing the monad radical cyanogen (CN or Cy), viz. : 

Cyanogen Gas, SjJ | . Hydrocyanic Acid, ^^^ | . 

Cyanogen Chloride, %%t I . Cyanic Acid, q^ | 0. 

CNi g . 

Cyanamide, H > N. Sulphocyanic Acid, ^^ | S. 

• Port IL t Part I. 



An tiie cmnponods of cjaao^en uaj be regsided as de* 
lived from ammonia. Cyanic acid often behaves aa if it were 
CO,HN, and thna shows a connection with the oxalic acid 
aeries. Hany polymeric modifications sie obsenred among 
the cyanogen compounds; for there is a liquid chloride of 
cyan<^en, CN,C^ ; a solid chloride, 3CNC1 ; cyanic add is 
HCNO, snd cysnnric acid u 3HCNO. 

CTAVOorar Gas, jyiCYASOGESf, {CN\^ a found in small 
quantities in the gas of the iron-blast furnace. It may be 
formed by heating oxalate of ammonium and oxamide. 

When cyanogen is mixed with potash, cyanate and cyanide 
of potassium are formed. 

Htbroctahic or Pbussic Acid, HCN. This substance 
has lately been prepared by the direct union of acetylene 
(GsHj) with nitrogen (N), a series of electric sparks being 
passed through those gases. Thus — 

CaHj + 2N - 2HCN. 

This acid readily decomposes by water into f ormiate of am- 
monium. Thus — 

HCN + 2HsO - NH^CHO^ 

Both simple and double cyanides exist. Amongst the 
simple cyamdes are the following : 

Cyanide of Potassium. This may be formed by the 
addition of potash to a watery solution of hydrocyanic acid, 
or b^ burmng potassium in cyanogen gas. It is generally 
obtamed by the fusion of carbonate of potash (E^COj) with 
ferrocyanide of potassium (K4FeC0N0). Thus — 

KflCOg + K4FeC«N« - KCNO + Fe + COj + 5KCN. 

Cyanate of potash, iron, carbonic anhydride and cyanide of 
potassium result. 

This is a white substance and a violent poison. It is exten- 
sively used in photography in order to dissolve the unaltered 
salts of silver, a double salt of potassium and silver resulting 
(KCN + AffCN). It is also employed in the electrotyping 
of silver and gold, in which process it dissolves these metals. 

Percyanids of Mercury, HgCgNj, is formed by dissolving 
peroxide of mercury in aqueous hydrocyanic acid. When 
neated it yields cyanogen gas, metallic mercury, and a black 
substance termed Paracyanogen, an isomer of cyanogen gas. 

Cyanide of Silver, AgCN, is a white salt, soluble in boil- 
ing nitric acid. 

Cyanide of Copper, CuCN, is a brownish red salt. 

Cyanic Acid, HCNO, is monobasic, and forms salts called 
€fif<mat€$. It is formed either by the direct oxidation <d cyanides, 



or by aetine upon potash with oyanogen gas. It is impossible 
to prepare nee oyanic acid from its salts, since it instantly 
decomposes into its polymers, Oyamdide and Cyanuric Aeia, 
3HCN0, or by combining with water is conyerted into Urea 
(CH4N2O) and Carbonic Anhydride (CO3). 

By heating cyanuric acid in a retort, a colourless mobile 
liquid, consisting of volatile cyanic acid, is given off, and may 
be collected in a freezing mixture ; but when removed from 
such a mixture it immediately changes into solid cyamelide. 

In aqueous solution cyanic acid instantly combines with 
water to form Pi-Carbonate of Ammonia. Thus — 

HCNO + 2H3O - NH4H00^ 

With ammonia (NH|) cyanic acid forms urea. Thus— 

NHj + HCNO - CH4NJO. 

FuLMiNio Acid, C2HsN^02, is obtained as fulminate of 
silver by the action of mtrous acid (HNO3) upon metallic 
silver {Ag) and nitrite of ethyl (C2H5,NO,). Thus— 

2Ag + CaHjjNOa + HNOj - 2H2O + Ag2,02NaH,Oj. 

Water and fulminate of silver result. 

Cyanuric Acid, HgCsNgOg, is a crystalline substance, 
formed when urea is heated or when water is added to solid 
chloride of cyanogen. It is tribasic, and formed upon the 
type of_3 molecules of water— •_ 

ranurio Acid. 



Ij jo, -Water; <^ | O, - Cy. 
csATE OF Ammonia, NH4CNO, is forn 



C7ANATE OF Ammonia, NH4CNO, is formed when cyanic 
acid and dry anmionia are brought together. 

This salt is remarkable from the fact that at lOOX. it at 
once becomes urea. Thus — 

NH4CNO = CH4NaO. 

This molecular change will also take place, although gradu- 
ally, at ordinary temperatures. 

XJbea, Cabsamide, CH4K3O. 

This substance may be regarded as built upon two molecules 
of ammonia in which two of the hydrogen atoms are replaced 
by carbonic oxide (CO). Thus— 

Hj) CO) 

H- J Nn - Ammonia. Ha > N, - Urea. 

Hi) ^1 

It may be prepared artificially in the following modes : 

(1) By heating ferrocyanide of potassium (K4FeCys) with 

black oxide of manganese (MnOs); cyanate of potassium 

5—2 



66 

<KCNO) is formed, to which, -when dissolved in water, snl* 
phate of ammonia (NH4SO4) is added in order to convert it into 
cyanate of ammonium (NH4CNO). After evaporating to dry- 
ness the urea may be extracted by alcohol. Thus again — 

NH4CNO - CH4N.O. 

(2) "By the addition of ammonia (NH3) to carbonate of 
ethyl (CaH5)2C08. Thus— 

(CjHo)COs + 2NH3 - C2H5HO + CH4NaO. 

Ethyl alcohol and urea are formed. 

(3) By acting upon red mercuric oxide (HgO) with oxamide 
(CaH4N202). Thus— 

C2H4NaOa + HgO - Hg + CO2 + CH4N2O. 

Metallic mercury, carbonic anhydride and urea are formed. 

Urea is soluble in its own weieht of cold water ; when 
heated with water to 100°C. in closed tubes it decomposes into 
ammonia and carbonic anhydride, and at a higher tempera- 
ture cyanuric acid (C3N3H3O3) is formed. It is also inmie- 
diately decomposed by nitrous acid into water, nitrogen and 
carbonic anhydride. The most important salts of urea are 
the oxalate and nitrate. When mercuric oxide is added to 
urea an insoluble compound is formed, by which the quantity 
of urea in a solution is estimated. 

Compound Ureas are formed by the action of cyanic acid 
upon a compound ammonia. These may be reg:;rded as urea 
in which one or more of the hydrogen atoms are replaced 
by methyl, ethyl, propyl, etc. They sometimes contain 
oxidised radicals, as acetyl, butyryl, etc. 

FERROCYANOGEN (hypothetical), FeCeNe or FCy. 

Hydrofekrocyanic Acid, H4FeCeN8 or HFOy, is a tetra- 
basic acid, occurring in white scales, which become blue on ex- 
posure, from l^e absorption of oxygen. This acid may be 
formed by the addition of hydrochloric acid (HCl) to a strong 
solution of ferrocyanide of potassium (K^eC^^), Thus — 
K4reCeNe + 4HC1 - 4KC1 + H4FeOeN«. 

Chloride of potassium and hydroferrocyanic acid are 
formed. 

Ferrocyanide of Potassium, or yellow prussiate of potash, 
K4FeCeNf + 3H2O, is obtained from horns, hide-parings, old 
iron, and carbonate of potash. Thus — 

6KCNS + 6Fe - Kfi + 6FeS + K4FeCeN8. 

Sulphooyanide of potassium and iron yield sulphide of 
potassium, sulphide of iron and ferrocyanide of potaasinm. 

The sulphur is derived from the tissues employed. 
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This salt actis as a mild purgative, but possesses no poisonous 
properties. When exposed to strong heat, it yields carbide 
of iron and cyanide of potassium, and it forms hydrocyanic 
acid when heated with sulphuric acid. 

Ferrocyanide of potassium gives with the salts of — 

1. Ck>balt, yellotmsk-green precipitates in acid solutions. 

2. Uranium, brovm „ „ ,, 

3. Copper, chocolate „ ,, ,, 

4. Banum, yellowish-white „ ,, „ 

iZinc, Nickel, Tin, ) 

Cadmium, Lead, f white precipitates in acid 

Antimony, Bismuth, t solutions. 

Silver, Mercury, Manganese, ) 

6. Ferrous Salts, white precipitates, passing through Ught' 
hlue to dark-blue. 

7. Ferric Salts, dark {Prussian) blue. 
Ferrocyanide of Potassium and Iron, or Evkbitt's 

Yellow Salt, K^FeFcy, is formed during the preparation 
of prussic acid from sulphuric acid and ferrocyanide of 
potassium. 

Ferric Ferrocyanide, or Ordinary Prussian Blue, 
Fe4Fcy8l8H30, is obtained by the addition of a ferric salt to 
ferrocyanide of potassium. It occurs in blue irregular masses, 
which, when rubbed with the finger-nail, leave a coppter- 
coloured line. When heated, and name added, it bums like 
tinder. 

FERRICYANOGEN (hypothetical), FeCyg or Fdcy. 

Hydboferricyanic Acid, HaFeCyg, is tribasic, occurring 
in dark brownish-green needles. It is prepared by the addi- 
tion of hydrochloric acid to the following salt : 

Fbrricyanidb op Potassium, or Red Prussiatb op 
Potash, K^FeCyg. This substance is met with in ruby-red 
crystiJs, which, when placed in a candle flame, emit bright 
sparks. It is prepared b^ passing a stream of chlorine gas 
through the yellow prussiate of potash. 

Ferricyanide of potassium gives, in neutral solutions, the 
following precipitates with the salts of — 



1. Zinc, orange, 

2. Cadmium, yellow, 

3. Nickel, yeUowish-green, 

4. Cobalt, reddish-brown, 
6. Ferrous, bright-blue, 
6. Ferric, none. 
These precipitates are all insoluble in hydrochloric acid, 

except in the case of tin and zinc. 



7. Copper, yellowish-green. 

8. Manganous, broum, 

9. Stannous, white, 

10. Silver, orange, 

11. Mercurous, brovmish-red. 
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Ferrous Ferricvanide, or Turnbull's Blue, F^(FeOye)i 
4- HfO» is a yaluable brilliant blue salt, obtainea by the 
addition of ferrons sulphate to ferricyanide of potasaiom. 

Ferrous Potassium Ferrictamide, or Williambon's 
Blue, FeK(FeCy«) + HjO, is a valuable pi^ent, obtained 
by boiling Everitt s yellow salt with nitric acid. 

NITEOCYANOGEN (hypothetical), FejCyioNjO,. 

Htdronitro-Prussio Acid, H4Fe2Cyio,N20„ may be 
obtained as the 

Sodium-Potassium Nitro-Prusside, by adding together 
ferrocyanide of potassium, perchloride.of mercury, nitrite of 
sodium and acetic acid. 

Sodium Nitro-Prusside, Na4Fe,CyioN20,,4H20, may be 
obtained in rub^-red i)risms by adding together ferrocyanide 
of potassium, nitric acid, carbonate of soda and water. 

The nitro-prussides yield the following precipitates with 
the salts of — 

6. Cobslt, fleshrcoloured. 
tj } Lead, Mercury, > ^^^ 

^' \ Tin, and Ferric Salts. } '*^- 
8. A magnificent deep purple is 
produced with the faintest 
trace of an alkaline sulphide. 



1. Cop^T, pale-green. 

2. Zinc, salmon-coloured. 

3. Silver, flesh-coloured. 

4. Ferrous salts, salmoU' 

coloured. 

5. Nickel, dirty-white. 



SULPHOCYANOGEN (hypothetical), CNS or Scy. 

Hydrosulphocyanio Acid, HCNS or HScy, is a colour^ 
less, pungent, poisonous oily liquid, with an acid taste. It is 
obtained as the potassium salt by heating ferrocyanide of 
potassium (K^FeCyg) with sulphur (S), snlphocyanide of potas- 
sium (KScy) being formed, or 

By the action of sulphuretted hydrogen (H^S) upon snlpho- 
cyanide of mercury (Hg(Scy)j). Thus — 

Hg(Scy)j -*- HaS - HgS -*- 2HScy. 

Sulphide of mercury and sulphocyanic acid are formed. 

Potassium Sulphocyanide, kONS, occurs in deliquescent 
colourless non-poisonous crystals. 

The Bulphocyanides yield the following precipitates with 
salts of — 

1. Mercury, copper, silver and gold, white, 

2. Acetate of lead, white, 

3. Ferric salts, blood-red. 
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COBALTICYANOGEN (hypothetical) CoCye. * 
Hydrocobalticyanic Acid, HgCoCyj, is prepared by the 

action of sulphuretted hydrogen upon cobalticyanide of 

copper. 
Potassium Cobalticyanide, EgOoCye, occuis in yellow 

dattened prisms. 

Cobalticyanides give the following precipitates with the 

salts of — 



1. Nickel, pale-hltie, gela- 

tinous. 

2. Cohaltt pcUe-red, 

3. Copper, pah-olive. 

4. ^noy white. 



5. Lead, none. 

! Silver, Ferrous, 
Manganous, Stan- f ,„, .. 
nous; and Mercu-f^^*^*- 
rous. 



Amongst the substances formed by the action of chloride 
of cyanogen upon ammonia are the following, viz. : 

CN ) CN ) 

Cyanamide, H > N ; Dicyanamide, CN > N ; 
H H 

CN) 
Tricyanamide, CN > N. 

cn) 
caebonyl and sulphocarbonyl compounds. 

Cabbonyl, CO, is a dyad radical, known in the free state 
as Carbonic Oxide Gas. 
The following are derived from CO, viz. : 

CO.O, Carbon Dioxide. I COClg, Carbonyl Chloride. 

CO.Sy Carbonyl Sulphide. | C0(0K)2, Potassium Carbonate. 

CO(NH2)2, Carbamide. 

Cabbonyl Chlobide, COCl^, is sometimes known as Phos- 
gene Gas. It is a colourless gas, having a suffocating smell, 
and is formed by bringing together dry chlorine and dry car- 
bonyl gases in the sunlight. CO forms with sulphur vapour, 
carbonyl sulphide, COS, and with caustic potash, formiate 
of potash, KCOHO. 

Cabbamio Aged, NHjCOHO, is only known in combination. 
Carbamate of ammonium may be obtained by adding together 
dry ammonia gas and carbon dioxide. 

The existence of a dyad radical, Sulphogabbonyl, CS, is 
assumed in the sulphocarbonyl compounds, b^t it is not 
known in the free state. 
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8 uiraocABBoxic Acn>, CS( HS U Carixm dkohkhide imilet 
with metallic siilphidef, with the iarmation of salphocar- 
bonates ; thus, by diesolying carbon disulphide in a solntioii 
of sulphide of potawriTiin, aalpbocarbonate of potassimn ia 
f ormed. This acid ia a heavy Drown oil, obtain^ by adding 
hydrochloric acid to an alkaline anlphocarbonate, 

SuLFHOCARBAiODZ OT SuLFHiTS USEA, CSCNH,),, may be 
prepared by heating anlphocyanide of ammoninm to 170^C. 
it forma salts with acids, and crystallizes in long colonrless 
needles. 

Ubjc Acn>, CSH4N4O,, is a bibasic acid, and its salts are 
soluble, the lithiam urates being especially so. It is con- 
tained in the bnman nrine, and abondantly in thenrineof ser- 
pents, birds, etc. 

Among the nnmerons deriyatires of vric acid are the fol- 
lowing: 

Alloxak, C4H2N3O4 ; Alloxatuiz, CM^aO't ; 

I/iALVBic Acid, Cfi^fi^; Mitrexibe, CjELj(¥itL^'Hfi^, 

Pakabanic Acid, C^H^KsOj. 

By mnrexide a beantif nl pnrple solution is formed. 

'Ae above are nsnally looked upon as Amides, all contain- 
ing Cfii (the radical of oxalic acid). 

CRSATnr, C^H^jO, + H^O, is obtuned by the oxidation 
of nitrogenous animal tissues, and is found in small quantities 
in the urine and in muscular tissues. In contact with bar^ 
water it is conrerted into urea (CH4K2O) and sarcosine 
(C3H7NO3). This substance (sarcosine) may be obtained by 
the action of methylamine upon monochloracetic acid, and \b 
therefore methyl glycocoll. 

Criatihine, C4H7N3O. This substance differs from crea- 
tin by containing one molecule less of water. It forms weU- 
crystallised salts with acids, is found in muscular tissue^ 
and crystallises in colourless prisms, the solution of which is 
strongly alkaline. 

TRIATOMIC ALCOHOLS AND THEIE DERIVATIVES. 

The hydrocarbon group of the general formula, Cn^n-if 
act as triatomic radicals, and to these the generic name of Gly- 
cerines is applied, by reason of the specif name of one of the 
series, viz. : 

Glvobbinb - ^ I Og. From this formula it appears that 

glycerine is built upon the type of three molecules of water 
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and contains three hydrogen atoms, each of which may be re- 
placed by a metal. 

The following table shows the simplicity of the relation, 
in composition, between the mono- di- and tri- atomic alco- 
hols of the same carbon series : 

CjHyH - Propyl Hydride. 

'h ( ^ "" ^8^8^ — Monatomic Propyl- Alcohol.* 
II 
2* I Oj — CjHaOj - Diatomic Propyl-Glycol. 



II 

CsHg 



III 



'h* { ^^ ~ Gz^fi3 " Triatomic Propyl-Glycerine. 

No glycerines of the mono- and di- carbon series have as yet 
been prepared. Amyl Glycerine, or the glycerine of the 
penta-caroon series, has been obtained. 

Glycerine —^gB | Og. Most oils and fats (vegetable and 

animal, and consisting of triatomic ethers of the higher fatty 

acid series) contain this substance. 

Beef suet, or Stearine, is in reality Tri-Stearate of Gly- 

C H ) 
cerine, ,q jj 'o)' { ^8> ^^ glycerine in which three molecules 

of the radical stearyl (CigHssO), replace three hydrogen atoms. 
The process by which glycerine is obtained from fats is 
termed— 

SAPONIFICATION. 

The fat or oil is decomposed by caustic alkali (soda of 
potash), an alkaline stearate, or soap, is formed, and the gly- 
cerine remaining in solution is set free by the addition of 
common salt after the separation of the soap. To obtain 
glycerine pure, lead oxide may be used to decompose the fat ; 
lead plaister is thrown down, and glycerine remains in solu- 
tion. The best method, however, is the production of free 
stearic acid and glycerine by decomposing the fats with high 
pressure steam. 
We may express the above process by the following equation: 
Stearate of Glycerine and Alkaline Hydrate yield 

C,H5(C„H350o)3 + 3|^^H0 
Alkaline Stearate and Glycerine 
SJKa^isHsA + CsH^CHO),. 
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Glycerine is a thick liquid, of syrapy consistence, without 
colour, and of a sweetish taste. When heated, it yields an 
irritating vapour termed Acrolein^ C3H4O. It is soluble in 
water and in alcohoL 

When Diluted NUricAdd acts uponglycerine, oxidation takes 

place, and Glyceeinic Acid, *g' | Os, is formed by the 

substitution of O for two atoms of the hydrogen of O3H5. 
Hydriodic acid (HI) reduces glycerine to iso-propyl-iodide. 
Thus— 

CsHsOj + 6HI - 41 + 3H2O + C3H7I. 
Iodine, water and iso-propyl-iodide are formed. 
Hydriodic acid also reduces propyl glycol to the same sub- 
stance ; it is therefore possible to pass from the di- and tri- ato- 
mic series of alcohols to the monatomic series of iso-alcohols. 
By the action of Strong J^itric Add upon glycerine, 
Trinitrin, or Tri-Nitro-Glycerine (CgH5(N03)8), some- 
times known by the name of Nobel's Blasting Oil» or 
Glonoin' Oil, is formed. Thus — 

CgHslHO), + 3HNO3 = 3H2O + CsH^CNOa),. 
Water and nitro-glycerine are formed. 

C H ) 
Nitro-glycerine may be written, r^Q\ \ 0^ ; and it will thus 

be observed that three atoms of tiie radical NO2 replace three 
atoms of hydrogen in glycerine. 

Glonoin Oil is employed for blasting purposes, since upon 
heating it explodes with great violence. 

The name Chlorhydrines is given to the substances 
formed when glycerine is heated with hydrochloric acid. 
These compounds are three in number, and are constituted 
upon the mixed types of hydrochloric acid and water. Thus— 
Mixed types of Water and Hydrochloric Acid. 

H«\ rxni { (HC1)2) 

DiCHLORHY- TrICHLORHT* 
DRINB BBIKE 



Glycerine 




. «o.v,. H }0 

jOa; 



Q?5 ( O. . ... V : ... V • ^ !" 



^8> '' CgHjJa' CsHg Jcia' CACl,. 



Only three Triatomic Alcohols are described, viz. : 
Propenyl Alcohol, C8H6(H0)8; Quintenyl Alcohol, 
0,H,(H0)8; Methenyl Alcohol, CHlHO),. The last of 
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these has never been isolated, but its ethers are important, 
being chloroform, etc. 

CHLOROFORii, or Methekyl Chloride, OHCI3, is a colonic 
less liquid, nearly insoluble in water. It possesses anees- 
thetic properties, and bums with a greenish flame. The 
vapour has a specific gravity of 1 *48. 

Chloroform may be formed— 

(1) Together with methene chloride, CHqCI^, when a mix- 
ture of gaseous methyl chloride and chlorine are exposed to 
the sun's rays. 

(2) By the action of alkalies on chloral (C2HCI3O). Thus- 

C2HCI3O + KHO = KCHOa + CHCI3. 

Formiate of the alkali and chloroform are produced. 

(3) By the action of nascent hydrogen upon carbon tetra- 
chloride (CCI4). Thus— 

Ca4 + 2H - Ha + CHClg. 

Hydrochloric acid and chloroform result. 

(4) From ethyl alcohol (C2H5HO), and chlorinated lime 
(CaClaOa). Thus— 

2C3HBHO + SCaClA - 2CaC03 + 2CaCl2 + CaHaOj + 

4H2O + 2CHCI3. 

Carbonate of lime, chloride of calcium, slaked Ume, water 
and chloroform are formed. 

(5) Chloroform is made on a large scale by the cautious dis- 
tillation of water and alcohol with good commerciid chloride 
of lime. The oily portion of the distillate consists of chloro- 
form, which may be purified by agitation with water, dessica- 
tion with chloride of calcium and distillation in a water bath. 

The detection of chloroform in a fluid is performed as 
follows : 

The fluid is placed in a test tube and heated ; chlorine and 
hydrochloric acid gases are formed, which will give (1) white 
precipitates with nitrate of silver, and (2) a blue colour with 
starch and iodide of potassium. 

Bromovorm, CHBrj, is a heavy volatile liquid, with a 
specific ffravity of 2*9. It is analogous to chloroform, and is 
prepared by adding together ethyl alcohol, potash, and bro- 
mine. Thus — 

CaHfiHO + 6KH0 + 8Br - 5KBr + KCHOa + SHjO 

+ CHBrg. 

Bromide of potassium, formiate of potash, water and bromo* 
form are produced. 
Iodoform, CHIg, is a yellow crystalline solid, having a 



74 

strong odonr of laffron. It is formed by adding together 
alcohol, potash and iodine. Thus — 

CoHbHO + 6KH0 + 81 - SKI + KCHOg + 6H,0 + CHI,. 

Iodide of potassinm, formiate of potash, water and iodo- 
form result. 

THE ACETINS OR GLYCERIN ETHERS OF THE 

FATTY ACIDS. 

These substances in their constitution resemble the fats. 
They are thick oily liquids, boil at a high temperature, and 
are only slishtly soluble in water. They are obtained by the 
action of glacial acetic acid upon glycerine. They are the 
following : - 

MoNO-AcBTiN. Di-AcETiN. Tri-Acetin. 

C,h' [Oa; C3H5J0,; /CH'm'{^«- 

THE PALMITINS. STEARINS AND OLEINS. OB 
PALMITIC. STEARIC AND OLEIC ETHERS OF 
GLYCERIN. 

Palbotins are crystalline fats, and ore the following : 
Mono-Palmitin. Di-Palmitin. Tri-Palmitot. 

CjHjfOa; CshJoj; (rLl^^\\^^ 

CieHsxO S (Ci,HsiO)2 \ (^leH^O), J 

The first and second are obtained by heating glycerine with 
palmitic acid (CieHssO,) in sealed tubes ; the third by heating 
a mixture of one part of mono-palmitin with ten parts of pal- 
mitic acid. 

Stearins can be artificially prepared by heating stearic acid 
with glycerine. They are the following : 

Mono-Stearin. Di-Stearin. Tri-Stbarin. 

CaH^ [Oa; CjH^ jo,; /c«h"oJ^«- 

Cx8Ha50 S (CiaHasO)^ J (CieHa^O), J 

Tri-stearin may be prepared from mutton or beef suet It 
forms white shining plates. 
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The Oleins are the following : 
Mon-Olein. Di-Olkin. Tri-Olein. 

C18H33O 5 (C18H33O), ) (Cl8H330)8 S 

They are produced by heating glycerin with oleic acid 
(C18H34O2) in sealed tubes, in various proportions. 

THE ETHYLINS, OR ETHYL GLYCERIN ETHERS, 

may be obtained by acting upon ethylate of sodium with the 
mono-, di-, or tri- chlorhydrms. They are the three follow- 
ing: 

Mon-Ethyun. Di-Ethyun. Tri-Ethylin. 

CsH' O3 ; C3H5 ( O3 ; M\ \ 0,. 

C2H5 ) (C2H5), ) <^att5)3 ) 

The Poly-Glycerins correspond to the polyatomic glycols. 
Thus— 

Di-Glycerin. Tri-Glycerin. 

NATURAL FATS AND OILS. 

These are all compounds of glycerine, especially with pal- 
mitic, stearic, or oleic acids. They are met within the bodies 
of animals and plants. 

Fixed Oils and Fats leave a stain on paper, which cannot be 
distilled without decomposition. They are insoluble in water, 
rather soluble in alcohol, and very soluble in ether. They 
saponify with various oxides, giving up their constituent 
glycerine. They are divided into — 

Drying, such as linseed, walnut, hemp, and pop^v oils ; 

Non-drying, as castor, croton, sperm and colfia oils. 

Volatile or Essential Oils are generally colourless, and 
give odour to leaves, fruits and flowers. They are scarcely 
soluble in water, but are easily so in alcohol or ether. They 
communicate to paper a greasy stain, which volatilises when 
warmed. They do not sapomfy, and become resinous and 
coloured by oxidation. 

Oleic acid is found in nearly all fats and oils, and the 
liquid portions of the fats are formed by the cogippnnd of 
this acid with glycerin. 
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ALLYL COMPOUNDS. 

The compounds of an nnsatnrated monad radical, CgH,, or 
Allyl, are closely connected with glycerine. 'By acting with 
glycerine upon phosphorus iodide, allyl iodide (C3HSI) is 
obtained, from wnich numerous substances have been derived, 
the aldehyde of the series bein^ Acrolein, a substance pro- 
duced by the destructive distillation of glycerine. 

Allyl Alcohol, C3H5HO, is a colourless liquid, with a 
pungent smell ; it is prepared by adding ammonia (NH^) to 
allyl oxalate ((OaH5)2C?204). Thus— 

2NH, + (C3H5)A04 - C2H4NA + 2C8H6HO. 
Oxamide and allyl alcohol are formed. 
Di-Allyl Ether, (03H5)20, is formed by the action 
of sodium allylate {NhC^Rfi) upon allyl iodide (CgH^). 
Thus— 

NaCgHsO + C3H5I - Nal + {CA)fi. 

Iodide of sodium and di-allyl ether are formed. 

Allyl Sulphide, (CsHsJsS, occurs in nature as the essential 
oil of garlic ; and 

Allyl Sulfhooyanide, C3H0CNS, as the essential oil of 
black mustard seed. 

Acrolein, O3H4O, is the aldehyde of allyl alcohol, and may 
be produced by the oxidation of that alcohol, or by the ab- 
straction of two molecules of water from gl3'^cerine. It is a 
colourless liquid, with a pungent odour, very irritating to the 
nose and eyes. 

Acrolein rapidly oxidises to Acrylic Acid, C3H4O2, a sub- 
stance closely analogous to acetic acid. 

The following series of acids differ from the fatty acid 
series by containing two atoms less of hydrogen. 

Acrylic Acid ... C3H4O3 
Crotonic Acid ... C4He02 
Angelic Acid ... C5H3O2 
ErucicAcid ... 



Pyroterebic Acid G^H^o^s 

Hypogaeic Acid ... CieHaoOt 

Oleic Acid ... C13H34O2 

. . ... v/22^42^2* 



THE ACETYLENE SERIES OF HYDROCARBONS. 

By the action of potash upon the bromides or iodides of the 
ethylene series, the hydrocarbon of the acetylene series is 
obtained. Thus — 

C;E^Bt^ + 2KH0 - 2H2O + 2KBr + CgH,. 

Dibromlde of ethylene and potash yield water, bromide of 
potassium and acetylene. 
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The following is the list of the Acetylene series of Hydro- 
carbons: 



Acetylene CjHg 

AUylene ... ... C3H4 

Crotonylene C4Hg 

Valerylene CgHg 

Benylene 



Hezoylene ... ... C^H^^^ 

(Enanthylidene ... O^H^^ 

Caprylidene O^'S-i^ 

Rutylene CioHj^ 



* Acetylene. Whenever a substance containing carbon 
and hydrogen^ undergoes incomplete combustion, this sub- 
stance is formed. Certain metals form very peculiar 
compounds with acetylene, thus, Cupbo-Acetyl Oxide, 
(C2Cu2H)20, is a red substance, obtained by passing acetylene 
into an aminoniacal solution of cuprous chloride, and a white 
powder of Argento- Acetyl Oxide, (C2Ag2H)30, results if 
the same gas be passed into an anmioniacal solution of a 
silver salt. These oxides are exceedingly explosive, and when 
heated with hydrochloric acid give off acetylene. 

Allylene, O3H4, is produced by acting with potash upon 
propylene dichloride. 

The other substances in the series are strongly smelling 
liquids, and combine with two or four atoms of bromine. 

TETRAVALENT ALCOHOLS. 

The only one known is Erytheite, C4Hj(H0)4, or C4Hio04^ 
This is a white solid substance, found in some fungi and 
lichens. 

When erythrite is acted upon by hydriodic acid (HI), 
secondary butyl iodide results. Thus — 

C4H10O4 + 7HI = 61 + 4H2O + C4H9I. 

Iodine, water, and secondary butyl iodide are formed. 

PENTAVALENT ALCOHOLS. 

Only two are known, viz. : C8H5(HO)5, or CgHjoOs, Finite, 
occurring in hard sweet nodules, found in the sap of the 
Californian pine, and QusBCrrs, in hard gritty crystals^ 
obtained from acorns. 



* Part I. 
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HEXAVALENT ALCOHOLS. 

Maitnite, CeHsCHO)^, or C^'RiiJO^, is the best-defined 
member of this series. It is the alcohol of an hexavalent 
radical, C^Hg, and is a sugar-like substance contained in 
manna, an exudation from many species of ash. 

Mannite is considered to possess hezatomic characters for 
the following reasons. 

(1) When acted upon by nitric acid it forms a compound 
termed Nitbo-Mannite, or mannite in which six atoms of 
hydrogen are replaced by NO^. Thus — 

CsH8,6(N02),Oe. 

This last substance is to be regarded, not as a substitution 
product, but as the nitrate of a hexatomic radical correspond- 
ing to ethyl nitrate. 

(2) (a) Hydriodic acid acts npon mannite in a similar man- 
ner as npon glycerine and erythrite, forming the monatomio 
iodide oi the same number of carbon atoms. Thus — 

O^^ifis + llHI - 6H2O -I- 101 + CgHiaL 

Mannite and hydriodic acid yield water, iodine, and iso- 
hexyl iodide. 

(h) Similarly the sax hydrogen atoms may be replaced by 
six atoms of stearyl, C^gHsgO (the radical of stearic acid}. 
Thus— 

CeHs,6(CigH35O),08 — Mannite Hexastearate. 

Those substances which are obtained from glycerine, eryth- 
rite and mannite, and have the composition of the iodides of 
the monatomic radicals, are not identical, but Isomeric, witii 
these iodides ; they may be regarded as compounds of hydri- 
odic acid with the olefine. 

These bodies, when acted npon by water and oxide of silTer, 
give rise to a hydrate resembling the monatomic alcohols in 
composition, but differing from them in its chemical relations 
and boiling point ; these so-cidled Iso- Alcohols readily yield 
the olefines from which they are derived ; by oxidation they 
form an acetone, hydrogen being removed, and they may be 
obtained by the action of hydrogen npon the acetone. 
Thus— 

CsHgO -f 2H - CaHgOa. 
Acetone and hydrogen form isopropyl alcohoL 
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SACCHARINE BODIES. 

The term Carbo-Hydrates is often applied to these sub- 
stances, since, in addition to carbon, they contain oxygen 
and hydrogen in the proportions to form water. They are 
divided into three classes. 

1. SucRosES 2. Glucoses 3. Amyloses (Starch 

(Sugars Proper). (Grape Sugars), and Woody Fibre). 

CiaHasOiiCCijllHaO). C^Il^fi^{C^&B^O). C6Hio06(C65H20). 
Sucrose + (Cane Dextrose + (Grape Starch +' 

Sugar) Sugar) 







Glycogene + 


Lactose + (Milk 


Levulose - (Fruit 




Sugar) 


Sugar) 


Dextrine + 
Inuline - 


Melitose + 






Melezitose + 


Galactose * 


Gums 
Cellulose 


Mycose + 




Tunicine 



All these bodies exert a peculiar influence upon polarised 
light. Those marked + have the power of turning the plane 
of polarisation to the right hand; those marked -turn the 
same plane to the left. 

SUCROSES, C12H22O11. 

SucKOSE, or Cane Stjoab, is found in the juice of certain 
plants, especially the sugar-cane, mallow, and beetroot, and 
m smaller amount in honey and various fruits, mixed with 
levulose and dextrose. The sugar-cane contains about 18 per 
cent, of this sugar, which is prepared by crushing but the 
juice by passing the cane between rollers. The juice is imme- 
diately heated to about 60°C., a small amount of milk of lime 
being added to throw down any albuminous matter by which 
quick fermentation may be induced. The juice is then allowed 
to boil, the surface-scum is removed, and the remaining clear 
liquid is boiled to a certain consistence in copper pans ; it is 
then filtered through linen bags and evaporated to a syrup, 
from which, when cooled, crystals of Moist or Brown Sugar are 
deposited. The mother liquor is a second time evaporated, 
and deposits more crystals on cooling. Molasses or Treacle is 
the name given to the uncrystallisable, dark-coloured sugar. 

The process of Refining the sugar is principally performed 
in this country. The raw sugar is dissolved, boiled with lime 
and filtered. Decoloration is obtained by allowing the 

6 
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filtered liquid ic flow ihroagb a bed of animal charcoa], and 
the filtrate is evaporated to the point of crystallisation. 

Loo^ Sugar is obtained by ciystalliBing the oonoentratcd 
symp in moulds. 

Cane Sugar is soluble in one-tbird of its weight in cold, and 
rathei more of hot water ; but it is nearly insoluble in ether 
and alcohol. Its specific gravity ia 1 -606. It melts at 160^0. to 
a colourless liquid, which, on cooling, solidifies to a transparent 
mass, BaiieySugcarj and, after standing, becomes opaqne and 
ciyatalline. After expoenre to a stronger heat, water is given 
im^ and Caramely a dark-colonred mass, remains behind. 

Nitric acid converts cane-sugar into saccharic or oxalic acid, 
in proportion tc the heat used and the strength of the acid ; 
and by strong sulphuric acid it is reduced to a black mass 
after evolving sulphurous anhydride (SO,). 

The Hoblt Metals are easily reduced from their solntions on 
wanning with solution of sucrose ; but cupric salts are only 
slowly reduced in alkaline solutions of sucrose. 

With some metallic oxides cane-sugar forms definite com- 
pounds, viz. : with lime, CaOCi^ELgOii (Sugar of lime) ; and 
with lead, PbAsHisO,, (Sugar of Lestd). 

ItAcrosR, or Milk Sugab, is only found in the milk of 
mammalia. It dissolves in six parts of cold and two parts of 
boiling water ; is not so sweet as sucrose, and feels gritty to 
the mouth. Lactose is converted by dilute acids in galactose, 
a peculiar variety of glucose, and in the presence of cheese sets 
up the lactic fermentation. An alkaline solution of copper is 
reduced by lactose in the cold, cuprous oxide (CU2O) being 
thrown down. By the oxidation of lactose, saccharic, macic, 
tartaric and oxalic acids are yielded. 

GLUCOSES. CeH,20«. 

Dextrose, 01 Grape Sitoar, is found in manna and honey, 
and many kinds of fruits, mixed with levulose. It is a normal 
constituent of the blood, and is present in small quantities in 
healthy urine, and is excreted by the urine in considerable 
amount in the disease called Glycosuria, or Diabetes Mellitus. 

Dextrose may be obtained by boiling starch with dilute 
sulphuric acid, then adding chalk, and evaporating the liquid 
to a syrup, when the sugar crystallises. It is soluble in its 
own weight of water, and is readily soluble in dilute alcohol, 
but is not nearly so sweet as sucrose. Ked cuprous oxide 
(CujO) is speedily ptrecipitated by dextrose from alkaline 
cuprio solutions on boiling. 
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FERMENTATION. 

This imme is givesi to. a. peculiar class of decompositions^ 
which differ irom ordinary chemical actions. 
^ Many organic bodies are capable of undergoing .fermenta- 
tion in the j^esence of certain complicated substances termed 
ferments, giving rise to products dififering according to the 
nature of the fermented body and of the ferment.- 

This procesa depends upon the presence and erowth of cer- 
tain LiYiNO ORGANISMS forming the ferment. Most ferments 
are Tegetable growths of a low kind, but that of the butyric 
appears to be animal. This cannot live in contact with freo 
oxygen, but flourishes in an atmosphere of hydrogen. . 

The drcumstanoea neceamry fon the growth of the ftsrmtnJt 
are: 

Proper food, especially the ammoniacal salts and alkaline 
phosphates. These are contained in the albuminous matter 
generally present in the liquid about to be fermented. 

A temperature from 20 C to 40°C, since at much higher or 
lower temperatures the vitality of the ferment is destroyed. 

Spontaneous Fbrmsntation (no apparent ferment) takes 
place in wine, beer, milk and urine, these fluids becoming 
sour. 

True Fermentation. The sporules or seeds of living 
bodies always float in the air, and these, dropping into the 
liquid, propagate themselves, and during the act of growing 
evolve the products of fermentation. 

Cireumstancea destructive or preventirfe of fermentation : 

If the liquid be left in contact only with air which has been 
passed through a red-hot platinum tube, thus destroying the 
sporules. 

If the air be simply Altered by passing it through cotton^ 
wool, and the sporules thus prevented from coming, into the 
^uid, these fermentable liquids may be preserved for any 
length of time without undergoing the slightest change. 

The Pringifal Forms of Fermentation are five in 
number, viz. : 

1. The Alcoholic, producing chiefly Alcohol, CsH^O, and 

Carbonic Anhydride, COg. 

2. The Acetous, producing chiefly Acetic Acid, 026402.. 

3. „ Lactic „ „ Lactic Acid, OoH^Og. 

4. „ Butyric „ „ Butyric Acid, C4H80^ 
£. „ Mucous „ „ Gum and MannHe, 

CeHi40j. 

6-2 
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Dilated salphuiio acts upon fitarch in a similar manner to 
diastase. Starch is dissolved by cold, strong sulphuric acid, 
with the formation of a compound acid. It is also dissolved 
by nitric acid, and if water be added to the solution, a white 
substance is thrown down. This is termed Xyloidinb, and 
is a substitution product or starch in which NO3 replaces one 
atom of hydrogen, viz. : Ci2Hi9(N02)Oio* 

Cellulose, U^tHioOg, is the colourless material of the woody 
fibre of young plants. It is obtained pure by boiling out the 
impurities from linen fibre and cotton by means of an alkali, 
ether, alcohol, etc. 

Cellulose is a white substance which dissolves in an ammo- 
niacal solution of cupric oxide, but is insoluble in water, ether, 
or alcohol. Strong sulphuric acid converts cellulose either into 
a soluble substance like dextrine, or into an insoluble sub- 
stance, ^ving a blue colour with iodine. 

By dipping sheets of paper into strong sulphuric acid, a 
substance termed Parchment Paper is obtained. 

Gun Cotton. When cotton-wool, in small portions at a 
time, is thrown into a mixture of equal volumes of stroog 
nitric and sulphuric acids, no apparent change occurs ; but 
after drying it is found to be exceedingly inflammable : 

A substitution product is here formed termed 
Trinitro-Cellulose, or cellulose in which NO^ replaces three 
atoms of hydrogen, viz. : CeH7(N02)305. Nitric oxide is given 
off and cellulose is again formed upon the addition of ferrous 
chloride to this substance. 

The use of * gun-cotton as a substitute for gunpowder has 
been proposed for the following reasons : 

*(1) The explosive force of gun-cotton is weight for weight 
greater than that of gunpowder. 

(2) The products of combustion of gun-cotton, being chiefly 
carbon dioxide and nitrogen, are not so apt to foul the gun. 

(3) When moistened it becomes inexplosive, and only re- 
quires drying to render it again explosive. 

The general adoption of this substance is doubtful, upon the 
following considerations : 

(1) The liability to explode on percussion ; 

(2) The possibility of its spontaneous decomposition when 
kept for a length of time. 

Collodion is formed by dissolving gun-cotton, or certain 
forms of this substance, in a mixture of ether and alcohol. It 
k much employed in photography, in order to fonn a thia 
eoating on the glass to receive the silver salts. 

* Boecoe. 
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THE GUJOOSIDES. 

The glttcondes maj be considered as compoimd ethers of 
glacose. They occur in many plants, and on decomposition 
giTe rise to a glncose, together with other sabstances. The 
chief of these sabstances are the following : 

Amygdalin, Salicin, and Tannin. 

AifTGDALnr, C^^tr^Oii + 3H,0, is f omid in bitter ahnonds, 
from which.it ii prepared by diraohring oat with alcohol, and 
finally precipitatmg the amygdalin with ether. It forms white 
solnble crystals. 

By the action of water (Sfi) npon the amygdalin and 
the albominoas snbstance termed Synapiase or Emulsme, 
contained in the braised bitter almond, a species of fermen- 
tation is set ap in which hydride of benzol (C^HqO), hydro- 
cyanic acid (HOK), and glucose (CeH]^299) ^^^ formed. Thos — 
OaoHjyNOn + 2H2O - CyHgO + HCN + 2CeHi20e. 

Saijoin, CiJELjfpj, is f oand in the pith of the Poplar and 
Willow, and also m Castoreumf a sabstance contained in the 
prepatial follicles of the beaver. It crystallises in white 
Drilliant needles. It is insoluble in ether, but soluble in 
water and alcohol, the solution having a strong bitter taste. 
Certain ferments deconipose salicin as follows : 

Soligenin and glucose are formed. 
TAmimT, or Tannic Acid, C27H22O17, is widely diffused in 
certain parts of plants. ' It forms an insoluble substance with 
gelatin, and yields a blueish-black colour (ink) with the persalts 
of iron. The largest quantities of tannic acid .are found in 
the gall-nuts (excrescences upon the Quercus Infectoria, or 
Dyer^s oak, formed by the punctures and deposited ova of an 
insect, the Diphlepis Oallds TinctoricB), The nuts are powdered, 
the acid being subsequently extracted by ether and .water. 
When so prepared, tannin is an uncrystallisable mass, which 
is insolubk in pure ether, but is dissolved by water and by 
alcohol. When tannin is exposed to the air or treated with 
diluted acid, the following result takes place, viz. : 

Glucose and gallic acid are formed. 
By heating tannin to 215'°C. Pybogallic Acid is formed. 
Mtronio Acid, C^q^id^^s^io* '^^^ ^^ exists in the wed 
of the Black Mustard as myronato of potassium, which is de* 
composed by an albuminous ferment contained inthemnstard 
seed into allyl-sulphocyanate (the oil of mustard), glucose^ 
and potassium hydric sulphate. Thus — 

K(ioHieNS,Ojo - CaHa,CN,S + CgHijOg + KHSO«. 



THE AROMATIC C0MP0IJin)9. 

In these compoiinda a relatively lees amonnt of hydrogen 

ia contained than In those already described. They all con* 
tain at least six atoma of carbon, and the more complicated 
compooadB of the aeries break up into thoae which contain 
six atoms. All the aromatic bodies appear to contain a grocp 
of six carbon atoms, in which, by the nnion of earbon with 
carbon, eighteen of the combimng powers are taken np, aix 
remaining free for saturation. 

The simplest lUiiBtration of this series is Bemsol, CgHj, and 
from this substance (by snbstitution of one or more atoms of 
Hydrogen by more or leas complicated molecnlea) namerona 
other sabatances are derived. 

Fonr hydrocarbona homologous with benzol are known, 
differing by CHg. These are, m reality, benzol in which the 
radical CHt (methyl) rephw^ one, two, or three atoms of 
hydrogen, Tlmi— 

(1) Benzol aH,. 

(2) Benzol-Methyl, or Toluol C.HJCH.) or C-H,. 

(3) Benzol-Di-Methyl, or Xylol ... C8H,2iCH,| or C,H,,. 

(4) BenzoLTri-Methyl, or Cnmol ... C8H,3(CH,) or C.H,,. 
In each of these methylated henzola one or more atoms Of 

hydrogen may be replaced by — 

(1) Chlorine, yielding chlorine suhstitation prodncts. 

(2) By the monad radical SO^, yielding nitro snbatttntioi) 
products. 

(3) By the monad radical NH,, yielding amido componnds. 

(4) "Piy the monad radical HO, yielding aloohol-Iike bodies 
termed Phenols, together with a series of true alcohols, the 
isomera of the Phenol a. 

The following are some of the derivatives of Benzol and 
Benzol-Methyl, or Toluol, viz. : 

Benzol C,.|T„. 

Mono-Chlor-Benzol CnH.Cl. 

Nitro-Eenzol CaH„(NO,). 

Aniline, or Amido-Benzol ... CgHjlNH^). 
Phenol, or Carbolic Acid ... CaHj(HO). 

Tnluol CaH,(CH3) - as,. 

Mono-Chlor-Tolnol C„H.C1(CH,J = C.H,C1. 

Kitro-Toluol C.H,(NO,)(CH,)-aH,NO- 

Toluidine, or Amido-Toluol... C,H.(NH,)(CH,)-O.HJS". 
Crwsol CA(H0)(UH,1 - C,5^0. 
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The Benzyl Sebies coxiBists of certain bodies which are 
iflomera of the tolaol compounds, and in which the sabsti- 
tation occurs with the hydrogen of the methyl. 

Toluol ... ..- ... Cf^Hg{CH^)f or C^Hg. 

Benzyl-Chloride C^n^iCRfii), or CyH-CL 

Benzylaniine CgH5(CHa)H2N, orCyHyjU^N. 

Benzyl Alcohol CeHg(CH2)H0, or CyHyjEEO. 

Benzyl Alcohol, by oxidation, yields an aldehyde, viz.. 
Oil OF Bitter Almonds, C^H^O, and an acid, Benzoic Acid, 
C^HgO, ; these are derived from benzyl alcohol iu exactly the 
same manner as ethylic aldehyde and acetic acid from ethyl 
alcohol. 

A similar double series of isomeric derivatives are afforded 
by the di- and tri- methyl benzols ; and one or more atoms 
of hydrogen in benzol may be replaced by the radicals of all 
the nigher alcohols, viz., ethyl, propyl, butyl, amyl, etc. 

Ethyl Benzol, (C2Hs)C0lJ., is isomeric, but not identical 
with xylol or di-methyl benzol, (CHg)2CgH4. 

Benzol, GeHg, is a colourless liquid, which refracts light 
strongly, ana is found in the li^ht oils resulting from the 
destructive distillation of coal ; it may be artiHcially pre- 
pared by distilling together benzoic acid and slaked lime. 
Chlorine acts upon benzol with the formation of severiJ 
ehlorides. 

Nitbo-Benzol, CgHgfNOj), is a substitution product, in 
which the radical NOg replaces one of the hydrogen atoms of 
benzol. It is prepared by acting upon benzol with nitric acid. 

Di-Nitro-Benzol, C(jH42(N02), is also known. 

Aniline, or Amido- Benzol, CeHsCNHs), is one of the pro- 
ducts of the destructive distillation of coal, and is obtained 
by the action of reducing agents upon nitro-benzol. Here 
the radical NH^ replaces the radical NOg. Thus — 
CeHjlNOj) + 6H - 2H2O + CgHjlNHa). 
Nitro-benzol and hydrogen yield water and aniline. 

The reduction is generally effected by mixing iron filings 
with acetic acid (hydrogen being generated). Aniline can 
fdso be obtained by acting upon isatine (CgHgNOs) with potash 
(KHO). Thus— 

CgHjNOa + 4KH0 - 2H + 2KaC0, + C^H^N, 

Hydrogen, carbonate of potash and aniline are produced. 

Aniline is a peculiar smelling, colourless liouid. It dis- 
solves in ether and alcohol, but is nearly insoluble in water. 
It forms definite salts with acids, but does not render red 
litmus blue. The so-called aniline colours are much employed 
in silk and woollen dyeing and in calico printing. 
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By adding an aqneons solution of an alkaline hypochlorite to 
an aqneons solution of aniline a beautiful red colour results, 
and Dy this means the faintest trace of aniline may be de- 
tected. When aniline sulphate is added to bichromate of 
potash, an important substance is formed termed Mauve, 
in which a complicated base termed Mauveine (C27HS4N4) is 
contained. The same colour is produced by heating aniline 
with a double chloride of copper and si»dium. 

The derivatives of aniline are numerous. Thus — 

Ethyl Aniline is (CoHjlCeHgNH. 

Di-Amido-Benzol is C6H42(NH2). 

The term Phenylamine, CgHsHgN, has also been ap- 
plied to aniline, but it is more proper to consider it an amido 
substitution product, since it cannot be prepared like an 
amine. 

Phenol, or Cabbolic Acid, CjH5(H0), is a white crystal- 
line solid body, found in heavy coal oils. It forms a phenate 
when dissolved in alkalies, but possesses no acid reaction. 
It is a powerful antiseptic, and is much used as a disinfectant. 

Monoohlor-Benzol, CgHsCl, results when phenol is acted 
upon by pentachloride of phosphorus, or when chlorine acta 
directly upon benzol. 

Picric Acid, or Tri-Nitro Phenol, CeH3(N02)gO, is 
a yellow crystalline substance, very soluble in water, and 
is formed when nitric acid acts upon pbenol, one, two, or 
three atoms of the hydrogen being replaced by NO2. It may 
be obtained when nitric acid acts on many other substances, 
as the skin, for instance. In the arts it is employed as a dye 
for silk and wool. 

TOLUIC OR BENZOLIO SERIES. 

Toluol, or Methyl Benzol, CHj.CgHs, occurs in coal- 
oils, but may be formed by distilling toluic acid with excess 
of lime. Oxidising agents convert toluol into benzoic acid 
(CyHjOa). Thus— 

CHj,C8H5 + 30 - H2O + CyHgOj. 

NiTRO-ToLUOL, C7H7(N02), is formed when nitric acid acts 
upon toluol. 

ToLUiDiNE, or Amido-Toluol, CH3,CgH5,NH, is a solid 
substance, analogous to aniline, and is a necessary ingre- 
dient in the making of the violet and red aniline dyes. It is 
obtained by the action of reducing agents upon nitro-toluol. 

Crissol, C7H7HO, is contained in crude carbolic acid, II 
11 a crystallisable solid, and is homologous with phenol. 
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BosAKiLiNE, GsoHi^N., ia itself a colourless sabstanoe, bat 
the beautiful red colour Magenta is formed by its compounds. 
It cannot be prepared from pure aniline, since toluidine must 
be present. Its formation may be shown as follows : 

CaHyN + 2C7H8N + 30 - 3H,0 + CaoHuN,. 

Aniline, toluidine, and oxyg^i yield water and rosaniline. 

Ijbucaniline, G^oHoiNs, is a substance which forms colour' 
less salts, and is prepared by the action of nascent hydrogen 
upon rosaniline. 

An Aniline Blue may be obtained by replacing three 
hydrogen atoms in rosaniline by Phenyl, CgHs. 

An Aniline Violet, by the substituticm of three atoms of 
methyl, ethyl, or any other alcohol radical. 

Of the Aniline Greens, the most important are the 
" Aldehyde Green " and ** Iodine Green." 

Benzyl Alcohol, C7H7HO, is an oily, colourless liquid, 
which is formed when nascent hydrogen, or alcoholic potash, 
acts upon benzoic aldehyde, or oil of bitter almonds. It is 
converted by oxidising agents iirst into benzoic aldehyde, 
C7HeO, and finally into benzoic acid, C7HeO^. 

Benzoic Alduhtde, OyHgO, may be considered as Toluol, 
OeHgyCHs, in which one atom of oxygen replaces two atoms 
of hydrogen ; thus — GgHjCHO. The vapour of bitter almond 
oil, when passed through a red-hot tube, 'is decomposed into 
carbonic oxide and benzol. 

Benzoic Anhydbide, or Benzoic £[enzoate, (C^Hb0)90, 
is a solid substance, soluble in ether and alcohol. It is formed 
by the action of benzoyl chloride (€^£[^001) upon benzoate of 
potassium (KC7H5O2). Thus — 

KCyHgOa + CjHfiCi - KCl + (C7H50)aO. 

Chloride of potassium and benzoic anhydride are formed. 

' Several mixed anhydrides exist, among them 

Acetyl Benzoate, C2H30,C7H502. 

Benzoic Acid, C7He02» is found in many resins, but chiefly 
in benzoin. It is one of the constituents of the urine of 
the cow, but occurs in the urine of man and other aniimftU 
after putrefaction. By heating benzoin, benzoic acid sub- 
limes in white pearly plates. Most of the salts formed by 
benzoic acid are soluble ; but by adding ferric chloride to beU- 
zoate of sodium an insoluble red precipitate of f enic benzoate 
is thrown down. 

Benzoyl Chloride, C7H5OCI, may be regarded as methyl 
benzol in which the two atoms of hydrogen in methyl are 
replaced by oxygen and the third atom by chlorine. ' 
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Benzoic Peroxide, (G7H50)202, is obtained as a crystalline 
snbstance by acting upon benzoyl chloride (C7H5OCI) with 
barium peroxide (£402). Thus — 

ZCyHgOCl + BaOg - BaClg + (C7B[50)202. 

Chloride of barium and benzoic peroxide are formed. 

BfiNZYLAMUTE, C^H^yHgN, is prepared as a colourless liquid 
by acting upon benzyl chloride with ammonia. It is the 
isomer of toluidine, and is a true amine, from which corres- 
ponding secondary and tertiary amines take origin. 

HiFPURio Acid, C9H9NO3, is found in the urine of the 
horse and herbivorous animals. It is in reality Glycocine, 
C2H,(NH2)02, in which the radical C7H5O of benzoic acid 
replaces one atom of hydrogen. It may therefore be written 
thuB — C2H2, C7H5O, NH2, O2. By its passage through the animal 
body benzoic acid is converted into hippuric acid. 

THE SALICYLIC GROUP. 

Is this group the dyad radicals C7Hg, or C7H4O, are con- 
tained. 

Sauctl Aldehyde, C7Hg02, is the chief constituent of 
the volatile essential oil of the flowers of Spircea Ulmaria'(t\iQ 
meadow sweet). It may be formed by the oxidation of — 

Salioenin, C7H8O4. This is the alcohol of the series, and 
Is derived from a bitter principle of WiUow Bark (salicin). 
The foUowing substances are evidently closely related : 

C,H4,HO,CH2 I Q . CeH4,HO,CH3 ; OeH^CHj | q 

Saligenin. Cressol. Benzyl AlcohoL 

Salicylic Acid, C7He03, is formed by the oxidation of 
salioin, or salicyl aldehyde, and is found in the oi) of the 
Sfiiraa, It may be obtained ai/ntlietically as the sodium salt 
by acting upon phenol (CeHgHO) with carbon dioxide (OO2) 
and sodium (Na). Thus — 

NaCeH^O + CO2 - NaCyHgOs- 
Sodium Phenylate. Sodium Salicylate. 

Carbon dioxide and phenol are again formed by the action 
of heat upon salicylic acid. This acid also occurs in the 
GauUheria Procumbens (the oil of winter green) as the salicy- 
late of methyl, CH3C7H5O8. 

Gallic Acid, 0^0.^0^, is obtained from tannin. It may be 
considered as salicylic acid in which two atoms of hydroxyl 
(HO) replace two atoms of hydrogen. It may also be obtained 
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by acting with caustic potash (KHO) upon di-bromo-aalicylic 
acid (C7H4Br308). Thus— 

C7H4Bra08 + 2KH0 - 2KBr +* CyH^Oj. 

Bromide of potassium and gallic acid are formed. 

Ptrooallio Acid, or Benzol-Trihydroxyl, CgHslHO^^ 
is formed, together with carbon dioxide, by heating gallic 
acid. 

Indioo is the blue colouring matter of several species of 
Indigofera, By macerating the leaves in water oxidation 
takes place, and a yellow solution is formed, which, after ex- 
posure to air, precipitates a dark-blue powder (indigo) ; this 
IS evaporated to dryness and cut into small cakes, and is 
then known as Commercial Indigo. 

Ikdiootine, CigHioNg^a* is the pure colouring matter of the 
above substance, and is obtained in crystals by sublimatioa 
from the commercial indigo. 

Indigo is insoluble in water, cold ether or alcohol, but is 
dissolved by strong sulphuric acid with the formation of a 
deep-blue solution. By exposing indigo to the action of alka- 
lies or of reducing agents, hydrogen is absorbed, and a soluble 
colourless substance results, called White Indigo, CieHi2^aO;2. 

This property is of great importance in indigo dyeing. 

By heating indigo with caustic potash, suicylic acid is 
formed. 

ISATINE, CsHgNOa, may be obtained in large yellow crystals 
by carefully oxidising indigo ; when acted upon by potash, 
the following is the result — 

CgHoNOj + 4KH0 - 2H + 2KaC0, + CgH^N. 

Hydrogen, carbonate of potash and aniline are formed. 
Indol, C3H7N, is a crystalline substance, and stands at the 
head of the indigo series. It is obtained by acting upon 
indigo first with tin and hydrochloric acid, and afterwards 
with zinc powder and water. 

THE CINNAMYL GROUP. 

CiNNAMOL, or Styrol, CgHo, is a powerfully refracting 
colourless liquid which is found in liquid Storax, and may be 
formed by heating acetylene to a high temperature. 

CiNNAMYL Alcohol, C9H9HO, is obtained by boiling 
styracin with alkalies ; it crystallises in silky needles, having 
a sweet taste and a hyacinth smell. 

Styracin is a cinnamate of cinnamyl, OgH9,C9H703, which 
is contained in Starax and Balsam of Peru. 
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CiNKAMio AiiDEHTDE, CS9H8O, is a colourless, cinnamon- 
smelling oil, and is the chief constituent of the essential oil 
of cinnamon. 

CiNNAMic Acid, 09Hg02, is also found in Storax and Peru 
Balsam, but can be obtained by heating acetyl chloride 
(CjHoOCl) with oil of bitter almonds (aH.CHO). Thus— 
C2H3OCI + CgHsCHO - HCl + CjHsOj. 
Hydrochloric and cinnamic acids are formed. 

By distilling this acid with caustic baryta, styrol (CgHg) is 
formed. 

THE NAPHTHALIN GROUP. 

Nafhthalin, OjoHg, occurs abundantly in the heavy coal- 
oils. It crystallises in white pearl-like plates, and is one of 
the products formed when the vapours of benzol alcohol or 
acetic acid are passed through a red-hot tube. 

The eight hydrogen atoms of the above substance may be 
snccessively replaced by chlorine, and this gas will combine 
directly with naphthalin, forming CioHgC]2, the dichloride, 
and CioHgCl^, the tetrachloride. 

When nitric acid acts upon naphthalin, three nitro substi- 
tution products result, viz. : C,oH7(N02), Mono-Nitro-Naph- 
thalin ; C,oHj(N02)2, Di-Nitro-Naphthalin ; and CioHgrNOa),, 
Tri-Nitro-Naphthalin ; these are white crystalline solids. 

Naphthylaminb, or Amido-Naphthalin, C10H7NH2, is 
obtained by the action of reducing agents upon mononitro- 
naphthalin ; by its oxidation violet colours are produced. 

Phthalio Acid, CgHg04, is formed by the further action of 
nitric acid on naphthalin. 

Diazo-Naphthol Hydrochlorate, CioHgNjHCl, results 
when a solution of potassium nitrite is added to a solution of 
hydrochlorate of napbthylamine. 

Kaphthol, C]oHgO, is analogous to phenol, and is formed 
by heating the aqueous solution of the substance immediately 
preceding. 

Naphthol yields nitro-substitution products, one of which, 
Di-Nitro-Naphthol, CjoH5(N02)2HO, yields the beautiful 
dye cidled Naphthalin Yellow. 

THE ANTHRACENE GROUP. 

ANTHRA.CENE, Ci4Hie> crystalliscs in silky, white needles, 
and is found in the least volatile portion of the coal-oils. It 
may also be obtained by heating benzyl chloride (G7H7CI) with 
water at 190'C. in closed vessels. Thus — 

4O7H7CI + 2H2O - 2H,0 + 4HC1 + C1.H14 + ChHio. 

Water, hydrochloric acid, dibenzol, and anthracene ar& 
formed. 
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OZTANTHRAOENX, OF ANTHRAQUIKaNEy Oi4H80^ together 

with nitro sabstitution prodacts, is formed by the actum of 
nitric acid on anthracene. 

THE ALIZARINE GROUP. 

AuzARiNE, C]4H804, is the colouring principle of madder, 
and is contained as a glucoside (Rubian) in the root. It may 
be prepared by heating strong salphuric acid with antlura- 

fainone, Disulpho-Anthraqctinio Acid (Ci4H802(HS03)2) 
eing formed, which, by fusion with potash (KHO), is con- 
verted into sulphite of potash (K9SO3) and disulpho-anttaa- 
quinate of potash (Ci4He032(KS03)) ; . this last snbataooet 
when treated with hy£ochloric acid, yields Alizarin. 

Alizarin is precipitated as long red needles ; it forms red 
insoluble compounds, called Lakes, with stannic oxide and 
alumina, and a black or purple substance with ferric oxid& 
Solutions of these oxides are termed, in calico printing, Mor- 
dants. Alizarin forms with a mordant an insoluble pink, 
purple, chocolate, or black, according to the character of tiie 
mordant. 

FuBPUBiNE, G14H8O5, is another red colouring principle 
contained in the madder root. 

Chrysophanic Acid is an isomer of alizarine. It occurs 
in rhubarb and goa powder, and is a derivative of anthracene. 

TURPENTINES AND ISOMERS. AoHi.. 

The commercial oil of turpentine is obtained from many 
species of pine, and usually consists of a mixture of several 
isomeric modifications of turpentine. The common turpentine 
is found in the Pinua Nigra^ Abies, and Silvestris, whilst the 
Venice turpentine is obtained from the Larch, Upon distilla- 
tion with water in a retort, colophony, or rosin, is left behind, 
and an aromatic volatile liquid is given off. 

Tebebenthsnb and Austra Terebenthens are natural 
varieties. The former is derived from the Pinus Maritima, 
and turns the plane of polarisation to the left hand. The 
latter is obtained from Pinus AustraUs, and turns the same 
plane to the right. 

By oxidation of turpentine, resins are formed. 

Among the isomers of turpentine are many EsserUial Oils, 
viz. : those of lemons, lavender, caraway, cloves, etc. These 
often contain other oxidised oils, the most important ol 
which is — 
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Lauiuel, or Common Camphor, CioHi^O. This ii chiefly 
obtained from the Lauras Camphora of Japan and China. 

THE CAMPHOR GROUP AND TURPEBTHNES. 

This series apparently possesses a common group of ten 
carbon atoms, and from them a large number of isomers are 
derived. Many of these substances seem to be identical in 
their chemical relations, but their physical properties dilEer, 
and on this account they are termed Physical tsomere* The 
following hydrocarbons give origin to these substances, 

C10H30, Diamylene ; CjoHig,Camphene, or Menthene ; 
CioHxe, Terebene and its isomers ; C10H14, Cymol. 

Oxidised products are yielded by the above substances, and 
these are termed Camphors, viz : 

C10H14O, Carvol, or Thymol ; CioHigO, Laurel Camphor ; 
CioBiifl, Borneo Camphor ; C^oHsoO, Menthene Camphor. 

Acids result from the further oxidation, viz. : 

CjoHij, Terebene yields with Oj ; CjoHigOa, Cam- 

• phinic Acid. 
CioHiuO, Laurel Camphor yields with Og ; CioHie04, Cam- 
phoric Acid. 

Camphor is a crystalline white mass, usually described as 
a concrete volatile oil. Its solution in alcohol deflects the 
polarised ray to the right. 

Upon heating camphor it is first converted into Borneo 
Camphor, C^oH^gO, and finally into Camphinic Acid, CioHieOj, 
and Campholic Acid, CjoHigO. Boiling nitric acid oxidises 
camphor to Camphoric Acid, CioHig04. 

Bals amakd Resins. Colophony, or rosin, is prepared by 
distilling crude turpentine. The resins, as mastic, copal, and 
lac, are similar in composition, and are produced by the oxida- 
tion of the terebenes. 

GnrrA Percha, Iin>iA-RnBBBR, or Caoutchouc. All these 
are compounds of carbon and hydrogen. 

Gdtta-Percha is the hardened juice of one of the 
SapotacecB found in Singapore and Borneo. When pure, it is 
white, and soluble in eSier. 

Caoutchouc is the hardened juice of the tropical trees, 
Siphonia Cahucku, Ficua Mastica, and Jatrapha EUtstica. It 
combines with sulphur in several proportions, with the for- 
mation of commercial vulcanised caoutchouc. 

By strongly heating vulcanised caoutchouc with sulphur, 
Fukanite, or Ebonite^ a homy black mass, is formed. 
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NATURAL ORGANIC BASES, OR VEGETO- 

ALKALOIDS. 

The exact constitution of these bodies is as yet nnknown. 
They are believed to belong to the class of componnd am- 
monias, and contain carbon, hydrogen, nitrogen and oxygen, 
bnt they have not, for the most part, been artificially pre- 
pared. 

Some few are volatile and liquid, containing only nitrogen, 
carbon and hydrogen ; bnt they all powerfully influence the 
ray of polarised light, some causing the plane to deviate to 
the left and some to the right. They combine with acids 
forming salts, and thus they resemble ammonia. For in- 
stance — 

Ammonia Gas, NH, + Hydrochloric Acid, HCl - NH,HC1, 
or NH4CI = Hydrochlorate of Ammonia. 

Morphia, CiyHi^O, + Ha - CiyHiaNOsHCl, or CiyH^NOjCl 

= Hydrochlorate of Morphia. 

The alkaloids form, with perchloride of platinum, double 
crystallisable salts ; they act violently upon the animal 
economy, some, as morphia and quinia, being very valuable 
medicines, and others, as nicotine, oelladonna, and strychnia, 
being active poisons. 

ALKALOIDS IN WHICH CARBON, HYDROGEN AND 
NITROGEN ARE CONTAINED. 

CoNiA, CgHifN. This substance is found in the Conium 
Maculatum, or the spotted hemlock. It is a colourless 
liquid, with a strong alkaline reaction, and forms salts with 
acids. It acts as a narcotic poison, and, under certain con- 
ditions, yields butyric acid by oxidation. 

NicoTiNA, C10H14N3, is the chief alkaloid of the Nicotiana 
Tabacum, or Tobacco, in which from 2 to 8 per cent, is con- 
tained. This substance is soluble in water, etner, and alcohol, 
and is one of the most deadly poisons known. It contains no 
hydrogen replaceable by an alcohol radical, and yields a salt 
corresponding to icMiide of ammonium (NH4I) when heated 
with iodide of ethyl ^C^HsI) : 

Tii ' Nicotine-Ethyl-Iodide. 

(C,H7)jN, ; (C5H7)j,(C,H«)a2NL 

PiPERiDiNA, C5H ^iN. This al kaloid is prepared by the distil- 
lation with an alkah, of Piperin, C17H19NOS, abase contained in 
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Piper Nigrum, the black pepper. It contains an atom of hydro- 
gen, which is replaceable by an alcohol group, and thus its 

real formula is ^^^^^ { N. It possesses a strong odour of 

pepper, and is a colourless fluid. 

ALKALOIDS IN WHICH CARBON, HYDROGEN, 
OXYGEN AND NITROGEN ARE CONTAINED. 

ALKALOIDS OF THE CINCHONAS. These are two in 
nuinber, viz. : Cinchonine and Quinine, each respectively 
yielding two isomeric modifications, viz. : Cinchonidine and 
Cinchonicine ; Quinidine and Quinicine. QuiNic, or Kinic 
Acid is combined with these alkaloids. 

Cinchonine, OS0H24N2O. This substance is less soluble in 
alcohol than quinine, and is therefore separated by this fluid. 
Thirty parts of boiling alcohol are required to dissolve cin- 
chonine, which consequently crystallises out, whilst the 
quinine remains in solution. 

Cinchonidine is found with quinidine in the brown 
resinous mass which remains after cinchonine and quinine 
have been extracted. It turns the plane of polarisation to 
the left. 

Cinchonicine may be prepared by heating sulphate of 
cinchonine to 120°C. or 130^0. By this substance the plane 
of polarisation is. turned feebly to the right. 

Quinine, or Quinia, O20HS4N2O2. This alkaloid requires 
350 parts of cold water and two parts of alcohol for its solu- 
tion. The solution has a bitter taste, and turns the polarised 
ray to the left. Quinia, when heated with iodide of ethyl, 
forms a salt of an ammonium compound, and therefore appa- 
rently possesses no replaceable hydrogen. 

Tests for Quinia — 

(1) If ferrocyanide of potassium be thrown into a solution 
of quinine in chlorine wnter, a deep-red colour appears. 

(2) Should excess of ammonia be added to the same solu- 
tion in chlorine water an emerald-green colour is produced. 

(3) The sulphate of this alkaloid also communicates a 
fluorescence to its solutions. 

Quinicine may be obtained by acting upon quinine by heat. 
It is a substance of semi-solid, resinous consistence, and bitter 
to the taste ; it turns the polarised ray feebly to the ri^ht. 

Quinidine somewhat resembles quinine in its qualities as a 
febrifuge; but by it the plane of polarisation is strongly 
turned to the right. 

* 7 
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The manner in wliich the above alkaloids act npon the 
plane of polarisation is the following : 

Cinchonine deflects the plane strongly to the right. 
Cinchonidine „ „ strongly to the left. 

Cinchonicine ,, ,, feebly to the right. 

Qainine ,, ,, strongly to the left. 

Quinicine „ „ feebly to the right. 

Qoinidine „ „ strongly to the right. 

THE ALKALOIDS OP OPIUM. These are contained in 
the Papaver Samniferum, The following six are the mos^ 
* important : 

1. Morphia. I 3. Narcotina. I 5. Papaveiina. 

2. Codeia. | 4. Narceia. | 6. Thebaia. 

In addition to the above, a neutral crystallisable sub- 
stance exists, termed — 

Meconinb, C10H10O4 ; also an acid (Meconic Acid, C7H4O7), 
with which the alkaloids are mainly united, together with 
vegetable matter, etc. The most powerful of the alkaloids 
is Thebaia, then Papaverina, Codeia, and Morphia. 

Morphia, CiyHigi^Oa + H-O. This substance dissolves in 
1000 parts of cold and 400 of boiling water. It is insoluble 
in ether, but is readily dissolved by hot alcohol. This alka- 
loid would seem to contain no replaceable hydrogen, since, 
when treated with ethyl iodide, an iodide 01 ammonium is 
produced. 

Tests for Morphia and its Salts — 

1. Nitric Acid applied to di^ morphia, or to a very strong 
solution of the alkaloid, turns it an orange coloor. 

2. If a drop of a carefully-neutralised solution of perchloride 
of iron be added to the alkaloid, a deep blue is produced, 
changing to green on the addition of an excess of the test liquid. 

3. If a trace of iodic add be added to a solution of morphia 
the liquid becomes brown. When a drop of this solution is 
allowed to fall on a piece of starch paper, the blue iodide 
of starch will immediately form. 

4. SulphO'Molybdic Acid ^yqz tk reddish-purple, changing to 
green, and ultimately to blue, 

Codeia, C18H21KO3 + H^O, is contained in the mother 
liquor after die crystallisation of morphia. 

J^ARCOTINA, C22H23NO7, dissolves in 128 parts of boiling 
alcohol and nineteen of boiling ether. When opium is treated 
with water, this substance remains insoluble, and is obtained 
by the addition of hydrochloric acid to the ''marc," or in- 
soluble portion of the opium. The basic powers of narcotina 
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are very feeble, and it is not strictly speaking an alkaloid, 
since it is destitute of alkaline reaction. 

Pafayebina, C20H21NO4, yields a deep-blue cdour with 
strong Bolphuric acid. 

THT.BATA, or Paramorphia, Oi^H^NOgy and Nabgeia, 
O^sHs^NOg, are contained in very small quantities. 

THE ALKALOIDS OF STRYCHNOS. These are two 
in number, viz. : Strychnia and Bruoia, and exist in the 
Strychnoa IgnaMa and Strychnoa litix Vomica, They are 
combined with Igasurio, or Stryohkio AoiDr 

Strychnia, C2iH32N,02, is a violent poison, acting especially ' 
upon the motor tract of the spinal cord, producing tetanic 
convulsions, etc. 

The Testa/or Strychnia are the following — 

1. The intense bitterness a small quantity communicates to 
a large quantity of water. 

2. When injected in solution into the lymph-pouch of a 
frog, the animal is seized with violent tetanic spasms upon 
the slightest touch. Dr. Harley asserts that on injecting the 
Tjhns o^ A grain of strychnia into the lungs of a small m>g, 
tetsmio convulsions occurred in 9^ minutes, and death in two 
hours. 

3. The colour test. The strychnia is placed on a white 
plate and touched with a drop of strong sulphuric acid. 
xio change of colour occurs, but a sulphate of strychnia is 
formed. A very small quantity of finely-powdered black 
oxide of manganese, or peroxide of lead, or bichromate of 
potash is now added to the solution, and an irideacent play of 
colours is exhibited, the order of the tints being as follows : 

Blue, passing into purple, then violet, then red, the mix- 
ture becoming finally colourless, or nearly so. 

Bbuoia, C^K^lSfi^ + 4H3O, is less poisonous than the 
preceding substance ; and by some authors it is said to be 
inert; it yields a bright scarlet colour with strong nitric 
acid. 



Theobromine, C^HgN^Og, is an alkaloid found in Theo* 
hroma Cacao, or Cacao Sutter. By replacing one atom of 
hydrogen in this substance by methyl^ the following sub> 
stance is obtained : 

Theine, Cafeike, or Methyl Theobromine, C^'EiJSfi^ 

+ HoO. This is the active principle of coffee and tea. It is 

iound in Ouarana (a variety of chocolate made from the fruit of 

7-2 
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PauUnia SorbiUs), and in the leaves of the Hex ParaguayeMis, 
employed by the South Americans as a sabstitute for tea. 

Tea contains about 2 per cent, of Theine. 

Ck>flfee „ „ 0*8 to 1 „ „ 

Guarana ft ,, 5 ,, ,, 

Paraguay Tea „ „ 1*2 „ „ 

THE ALBUMINOUS SUBSTANCES, ALBUMINOIDS, 

OE PROTEIDS. 

Many of these substances are very complicated in their 
constitution. They form an essential part of the bodies of 
animals, and are found in certain parts of vegetables, especi- 
ally in the seeds. They exist in a jelly-like, amorphous form, 
and do not crystallise. In addition to carbon, hydrogen, 
nitrogen, and oxygen, they all contain sulphur, and the 
majority phosphorus. 

Albubien is contained in the serum, or liquid portion of the 
blood, and may be seen in its purest form in the white of egg, 
fi'om which it may be obtained by the addition of acetic acid, 
and dilution with water, a white flocculent precipitate of albu- 
men falling; upon dryii:^, a transparent, yellow, gum-like 
mass is formed, which is insoluble in cold water, but dissolves 
in the presence of a trace of free alkali. The chief character- 
istic of idbumen is its coagulability by heat, since at about 
65^C. it becomes opaque and solid. 

Fibrin exists in solution in the blood, but solidifies when 
the blood leaves the living body. It is obtained either by 
washing the thick part of the blood (the clot) until the red 
colour is destroyed, or by agitating fresh blood with twigs* 
when it appears as colourless filaments without taste, and 
insoluble in water. 

The fibrin of blood differs from that of flesh, and that from 
venous blood is soluble in nitrate of potash, which is not the 
case with arterial fibrin. 

Oaseik. This is a nitrogenous substance contained in cheese 
and milk. It is nearly alUed to albumen and is coagulated by 
acids ; it is insoluble in pure water, but dissolved by a dilate 
solution of an alkali. 

When milk is boiled the casein is not coagulated, but an 
acid, or part of the internal coating of the stomach of the 
calf, termed Rennet, immediately separates out the butter and 
casein as Curds, leaving the lactose, or milk-sugar, and salts, 
in solution as Whey, 

Glxttin, the sticky, elastic substance combined with 
starch in wheaten flour, is really vegetable fibrin. 
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It is impossible to give any formnlffi for the substances just 
described, but their percentage composition may be shown 
from the following :* 

Carbon ... 

Hydrogen 

Nitrogen 

Oxysen ... 

Sulphur 

Phosphorus 

100*0 1000 100*0 

Gelatin is a nitrogenous substance prepared from the 
animal body. It is obtained by boiling certain tissues, and 
is known as isinglass, gelatin, and glue. Its composition is 
identicid with that of the tissue employed in its preparation. 

ANIMAL CHEMISTRY. 

The Bones are chiefly composed of the tribasic phosphate 
of lime (CagP^Og) together with a variety of selatin. 

Hydrochloric acid dissolves the phosphate, leaving the bone 
as a gelatinous, elastic mass. The friable and earthly matter 
alone remains after burning. The following is the composi- 
tion of human bone, viz. : 

t Animal matter, soluble by boiling 32*17 

Vascular substances 1*13 

Calcium phosphate, with a little calcium fluoride 53*04 

Calcium carbonate 11*30 

Magnesium phosphate 1*16 

Bo& and a Uttle common salt ... ... ... 1 *20 
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The Blood, in health, has a specific gravity of 1*055, and, 
according to some authors, in 100 parts its average composi- 
tion is the following : 

ci«,_.^ I waTier ... ... ... 

^™"' ) Albumen , w, „^ 

<* i Salt. "•«" ' °' " 

Taqw SanguiBi. (|^t^ Otters" Z 



Orassamentum (Fibrin 

•Ooagulum, or < _ _ 5" ^^"^ 

dot. ( Corpuscles .*. ... ~ 

100 *• 
• BosMt. t Bentfivi. 
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The f ollowiiig is the oompositum of healthy human blood 
I a whole, according to Lecann : 



Water 

Fibrin 

Albumen 

Colouring matter 

Crystalluable fat 

Fluid fat 

Extractive matter of uncertain nature, 
soluble in both water and alcohol ... 

Albumen in combination with soda ... 

Sodium and potassium chlorides, car- 
bonates, phosphates and sulphates... 

Calcium and magnesium carbonates, 
phosphates of calcium, magnesium 
and iron ; ferric oxide 

ajobu *.« ••• ••« ■•• *•• 
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Through the blood animals receive the necessary supply of 
materials for their growth and for the repair of waste ; and 
by this fluid they are also able to remove the worn out 
matters. The blood of the vertebrata is of a red colour, and 
its temperature is higher than that of the medium in which 
the animal exists. 

In man it is 98°F. (36°-9C.), and in birds 109°F. (48°-8a) ; 
and this temperature is remarkably constant under the most 
varjdng conditions of climate. The blood corpuscles are 
of two kinds, the red and the white, and they float in a 
colourless liquid. *The red corpuscles are flattened circular 
discs, on an average -g^jyn of an mch in diameter, and having 
about one-fourth of that thickness. The broad faces of the 
discs are somewhat concave, and thus, when the corpuscle is 
viewed under the microscope by transmitted light, it ap- 
pears clear in the middle ana darker at the edges. When the 
discs roll over, thus presenting their edges, they look like 
rods. The red corpuscles consist of a semi-fluid substance 
termed globulin, reddened by the haematin, around which 
no cell-wall has been clearly made out. When exposed to 
ox^ffen gas they are made flatter, when to carbomc anhy- 
dn<&, they swell out. 



♦ Huxley. 
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The white, or oolonrlesB, corpuscles are larger than the red, 
their averajs^e diameter being -^^ of an inch. Their form is 
extremely irregular. 

The white corpuscles have a tendency to attach themselves 
to the microscopic slide, whilst the red corpuscles float about 
and tumble freely over one another. 

The proportion in number of the white to the red corpuscles 
is as 1 to 400 or 500. 

The blood corpuscles differ in shape in different animals, 
bein£ round, in man and the camivora, but elliptical in birds, 
lizaraa, frogs and fish. 

The diameter of the blood discs in the frog is four times 
that in man. 

The colouring matter of the blood is due to hcematinf an 
uncrystallisable substance formed by the decomposition of 
JuBTnoglobin, in which the following elements are contained, 
viz., carbon, hydrogen, nitrogen, oxygen, sulphur and 
iron. 

There is about 7 per cent, of iron in hsematin, but this 
metal may be removed by sulphuric acid, and no apparent 
alteration of the red colouring is observed. 

All warm-blooded animals possess two kinds of blood; the 
Arterial or Bed blood contained in the arteries and left side of 
the heart, and the Venoua or Purple blood contained in the 
veins andrisht side of the heart. By oxidation in the lungs 
the venous blood becomes arterial. 

The gases oxygen, nitrogen, and carbonic anhydride are 
dissolved in the blood, the oxidation of the tissues being occa- 
sioned in the presence of the first-named. 

Abtebial Blood (freshly oxidised from the lungs) contains 
in 100 volumes : 

Nitrogen 14*5 

Carbonic Anhydride ... 62*3 
Oxygen 23*2 

100*0 

Yenoits Blood (charged with the products of the combus- 
tion of the body) : 

Nitrogen 13*1 

Carbonic Anhydride ... 71 *6 
Oxygen 15*3 

1000 
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The colouring matter of the blood, or hsbmoglobin, differs in 
its physical properties in different animals as follows : 

*(a) In the facility with which it forms crystals, and in 
the form of the crystals. 

(b) In its solnbiUty ; the crystals from tbe blood of an ox 
are very readily soluble in water, while those from the blood 
of the raven are almost insoluble in that fluid. 

Hemoglobin exists in the blood in two different conditions 
of oxidation, which are designated by the names oxy haemo- 
globin and reduced.haemoglobin. The latter containjs the less 
<juantity of oxygen, and exists in venous blood ; as the blood 
circulates in the lung it is separated from the air in the air- 
cells by a very thin membrane, through which the oxygen 
passes into the blood ; it enters into a peculiar loose chemical 
combination with the colouring matter to form oxyluemoglobin. 

Oxyhemoglobin undergoes, in the capillary circulation, the 
opposite change to that which occurs in the pulmonary cir- 
culation ; the oxyhemoglobin is decomposed, oxygen passes 
into the tissues, and reduced hemoglobin returns to the venous 
system, by the lungs, to receive a fresh supply of oxygen. 
The colouring matter is therefore the carrier oi oxygen from 
the air to the tissues. 

When carbon monoxide (CO) acts upon oxyhsBmoglobin, it 
drives out all the loosely-combined oxygen, forming with the 
reduced hemoglobin a compound which is much more stable 
than oxyhemoglobin, and from which the carbon mionoxide 
cannot be again displaced by oxygen. 

The Saliva consists of a mixture of several fluids secreted 
by the glands of the mouth. It is generally alkaline, and 
contains an albuminous principle termed Ptyalin, which 
rapidly converts starchy matters into sugar. It also contains 
Sulphocyanide Potassium, which is re^ily detected by its 
giving a blood-red colour with the ferric salts. 

The solid constituents of saliva are fixed salfcs, chiefly chlo- 
rides, with phosphate and carbonate of lime. 

The Panckeatic Fluid is strongly alkaline, and contains 
an albuminous principle similar to ptyalin, together with 
leucine, xanthine and inosite, and a small quantity of chlorides 
and phosphates. This fluid converts starch into snear with 
more energy than the saliva, and at a temperature of 35°C. it 
changes fat into fatty acid and glycerin, and quickly dissolves 
boiled albumin and fibrin at the same temperature. 

The Gastric Juice is a colourless, transparent fluid, with 
an acid reaction. It contains Lactic, Propionic, Butyric, Acetic 

* R. A. Witthaus. 



103 

and Hydrochloric Acids, and a principle called Pepsin, by 
whicli tiie digestion and solution of the albuminous materials 
are chiefly performed. 

The Bile is a fluid secreted by the liver, and poured out 
into the duodenum. It consists essentially of a mixture of 
the sodium salts of two peculiar acids, viz., Glycocholic Acid 
(CsMH^jNOg), and TaurochoUc Acid (C26H45NSO7), together 
with a body called Taurine (CjI^NSOs), and bile pigments 
known as bilirubin, or Gholepyrrhin, and Biliverdin. 

The Urine is a fluid secreted by the kidneys from the ar< 
terial blood, and it is in this that a great portion of the waste 
nitrogenous parts of the body pass off as uric acid and urea. 

The composition of the urine in 1000 parts is, roughly, the 
following : 

waiier •.. >.. ..< ••• ••• ••• ••• afou 

UavA ••. m»» ••• ••• ••• .•• ••• ^o 

xJTVi A-CICL ... ..• ... ... ••• «•. X 

/ Chloride of Sodium 

j Salts of Ammonia 

Fixed Salts ^ Alkaline Phosphates y 14 

I Alkaline Sulphates 

V Phosphates of Lime andMagnesia^ 

!* Extractive 
Creatine and Creatinine ...\ 10 
Colouring Matter 

1000 

The quantity of urine normally excreted by an adult in 
24 hours is about 20 to 40 ounces ; but it may exceed this 
average by the ingestion of large quantities of fluids, as in 
beer drinkers ;• in winter ; and in individuals of sedentary 
habits. It is pathologically increased in diabetes and hysteria. 
It may be below the average in summer, and generally under 
all conditions by which the amount of perspiration and pul- 
monary exhalation is increased. It is pathologically dimi- 
nished in acute febrile diseases, and in all diseases attended 
by dropsical effusions or watery discharges* The colour of 
the urme varies physiologically as follows : 

The greater the quantity of urine voided, the lighter, as a 
rule, is the colour. 

Urine voided in the morning is darker than that at other 
times. The use of certain drugs imparts a peculiar colour to 
the urine : rhubarb gives bright yellow ; loewood, reddish ; 
senna, brovcnish; santonin, orange-red or golaen-yeUQW, 
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by acting upon ethylene oxide (O2H4O) with a strong 8olatioii> 
of trimeuiylamine ((CH3)3N). Thus — 

C2H4O + (CH3)3N + H2O - (CH8)8C2H4NH202. 

THE FUNCTIONS OF PLANTS AND ANIMALS. 

Plants live upon Unorganised substances, especially water, 
carbonic anhydride, ammonia and salts, organising them and 

giving off oxygen. Their chemical function is therefore Re- 
uc ion. 

Animals Uve upon Organised substances, giving off carbonic 
anhydride and other oxidised products, but taking up oxygen ; 
their function is therefore OxtdaMon, 

The bulk of the plant is merely increased by food, whereas, 
when an animal has attained full growth, the food serves to 
repair tissue waste. The sun supplies to the plant the acti- 
vity requisite for its food organisation, whilst the oxidation 
of its own body supplies to the animal the activity necessary 
for its existence. 

ANIMAL HEAT AND RESPIRATION. 

The respiratory process consists in the aeration of the blood 
which circulates through the lungs, or some analogous appa 
ratus, through the agency of the oxygen of the air. The 
blood is separated from the air by an extensive surface of ex- 
tremely fine membrane ; and through this, by solution and 
diffusion, the exchange of gases takes place. By this means 
also the blood is relieved of the productis of combustion. 

From 22 to 43 cubic inches of air are thrown out from the 
human lungs at each ordinary respiration. 

It is stated that as much as 100 and as little as 3 cubic 
inches^ have been expired. By a forced effort, from 60 to 60 
cubic inches are ordinarily expelled, and possibly from 100 to 
300 cubic inches may be expired after a full inspiration ; but 
even then the lungs are not emptied of air, and the residual 
amount has been estimated at from 40 to 260 cubic inches. 
From 77 to 170 cubic inches may be expired after an ordinaiy 
expiration ; and by the deepest sigh, after an ordinary inspi- 
ration, from 119 to 200 more cubic inches may be drawn into 
the lungs. 

The number of respirations varies from 14 to 16 per minute, 
but the number, even in health, varies from 9 to 20. Expired 
air contains from 3 to 6 per cent, of carbonic anhydride, but 
the quantity of the caroonic anhydride exhaled varies con- 
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F^ktholosically the mine is rendered pale in anrnmia, and in 
thoee conmtiona which produce an increase in the quantity, 
and it is similarly heightened in colour under those conditions 
in which the quantity of water eliminated by the kidneys is 
diminished, while the elimination of solids remains normal, or 
is increased. 

The presence of bile may render the urine brown, or even 
black. 

The specific gravity of healthy urine varies from 1015 to 
1025 ; but after copious drinking upon an empty stomach the 
specific gravity may fall as low as 1001, and again it may rise 
to lOdO after a full meaL 

The urine of females is usually slightly lower in specific 
gravity than in males, except during pregnancy, at which 
period the specific gravity is normally about 1030. 

The urine of herbivorous animals is alkaline in reaction, 
whilst in the carnivorous it is strongly acid. 

In man its reaction is faintly aci(^ since his food is a blend- 
ing of animal with vegetable substances. 

The colour of the urine is probably due to at least two 
colouring matters, Urobilin and Indican. 

Milk varies in composition in different animals, but each 
variety possesses all the materials requisite for forming the 
body of the young animal : it therefore contains fats (butter) 
and lactose, or milk-sugar, casein (nearly identical in compo- 
sition with flesh), together with inorganic salts, especiidly 
alkaline chlorides and lime phosphates^ which are necessary 
to the formation of bone. 

The specific gravity of milk varies from 1*03 to 1'04» and 
its average composition in different animals is the following : 



Woman. 


Cow. 


Goat. 


Ass. Biteh. 


Water 89-6 


87-4 


820 


90-5 66-3 


Butter 2-6 


40 


4-5 


1-4 14-8 


Milk-Sugar and Soluble 








Salts 4-0 


60 


4-5 


6-4 2-9 


Casein and Insoluble Salts 3*8 


3-6 


90 


1-7 160 



The Bbain and other nervous centres contain Proto^on, the 
essential constituent of which is phosphorus. Glycerin, 
phosphoric acid, several fatty acids and neurine are amongst 
the products of the decomposition of protagon. 

Neurine, or Trimethyl-Oxethyl-Ammokixtm-Hydroxide, 
(CH8)3C2H4NH20o, decomposes by heat into ethylene, alco- 
hol, and tnmethylamine, and it may be prepared synthetically 
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by acimglipon ethylene oxide (O^H^O) with a strong 8olatioii< 
of trimeuiylamine ((CH3)3N). Thus — 

CJB^O + (CH8)3N + H2O - (CH8),C2H4NH202- 

THE FUNCTIONS OF PLANTS AND ANIMALS. 

Plants live upon Unorganised substances, especially water, 
carbonic anhydride, ammonia and salts, organising them and 

giving off oxygen. Their chemical function is therefore JRe- 
uc ion. 

Animals live upon Organised substances, giving off carbonic 
anhydride and other oxidised products, but taking up oxygen ; 
their function is therefore Oxidation, 

The bulk of the plant is merely increased by food, whereas, 
when an animid has attained full growth, the food serves to 
repair tissue waste. The sun supplies to the plant the acti* 
vity requisite for its food organisation, whilst the oxidation 
of its own body supplies to the animal the activity necessary 
for its existence. 

ANIMAL HEAT AND RESPIRATION. 

The respiratory process consists in the aeration of the blood 
which circulates through the lungs, or some analogous appa 
ratus, through the agency of the oxygen of the air. The 
blood is separated from the air by an extensive surface of ex- 
tremely fine membrane ; and through this, by solution and 
diffusion, the exchange of gases takes place. By this means 
also the blood is relieved of the products of combustion. 

From 22 to 43 cubic inches of air are thrown out from the 
human lungs at each ordinary respiration. 

It is stated that as much as 100 and as little as 3 cubic 
inches have been expired. By a forced effort, from 50 to 60 
cubic inches are ordinarily expelled, and possibly from 100 to 
300 cubic inches may be expired after a hill inspiration ; but 
even then the lungs are not emptied of air, and the residual 
amount has been estimated at from 40 to 260 cubic inches. 
From 77 to 170 cubic inches may be expired after an ordinary 
exx>iration ; and by the deepest sigh, alter an ordinary inspi- 
ration, from 119 to 200 more cubic inches may be drawn into 
the lungs. 

The number of respirations varies from 14 to 16 per minute, 
but the number, even in health, varies from 9 to 20. Expired 
air contains from 3 to 6 per cent, of carbonic anhydride, but 
the quantity of the carbonic anhydride exhaled varies con- 
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Fatholoffically the urine u rendered pale in anemia, and in 
ihoee concutions which produce an increase in the quantity, 
and it is similarly heightened in colour under those conditions 
in which the quantity of water eliminated by the kidneys is 
diminished, while the elimination of solids remains normal, or 
is increased. 

The presence of bile may render the urine brown, or even 
black. 

The specific gravity of healthy urine varies from 1015 to 
1025 ; but after copious drinking upon an empty stomach the 
specific gravity may fall as low as 1001, and again it may rise 
to 1030 after a full meal. 

The urine of females is usually slightly lower in specific 
gravity than in males, except during pregnancy, at which 
period the specific gravity is normally about 1030. 

The urine of herbivorous animals is alkaline in reaction, 
whilst in the carnivorous it is strongly acid. 

In man its reaction is faintly acid, since his food is a blend- 
ing of animal with vegetable substances. 

The colour of the urine is probably due to at least two 
colouring matters. Urobilin and Indican. 

Milk varies in composition in different animals, but each 
variety possesses all the materials requisite for forming the 
body of the young animal : it therefore contains fats (butter) 
and lactose, or milk-sugar, casein (nearly identical in compo- 
sition with flesh), together with inorganic salts, especially 
Valine chlorides and lime phosphates, which are necessary 
to the formation of bone. 

The specific gravity of milk varies from 1*03 to 1'04» and 
its average composition in different animals is the following : 



Woman. 


Cow. 


Goat. 


Ass. Bitch. 


Water 89-6 


87-4 


820 


90-5 66-3 


Butter 2*6 


40 


4-5 


1-4 14-8 


Milk-Sugar and Soluble 








Salts 4-0 


5-0 


4-5 


6-4 2-9 


Casein and Insoluble Salts 3 '8 


3-6 


90 


1-7 160 



The Bbain and other nervous centres contain Protagon, the 
essential constituent of which is phosphorus. Glycerin, 
phosphoric acid, several fatty acids and neurine are amongst 
the products of the decomposition of protagon. 

Neurine, OrQ^IMETHYL-OXETHYL-AMMONIUM-HYDROXIDE, 

(CHg)8C2H^N£UOo, decomposes by heat into ethylene, alco- 
hol, and trmietnylamine, and it may be prepared synthetically 
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bv aciiiiff upon ethylene oxide (O2H4O) with a strong 8olutioii> 
of trimethylamine ((CH8)aN). Thus — 

C2H4O + (CH8)8N + H2O - (CH8),C2H4NHA. 

THE FUNCTIONS OF PLANTS AND ANIMALS. 

Plants live upon Unorganised snbstances, especially water, 
carbonic anhydride, ammonia and salts, organising them and 
giving o£F oxygen. Their chemical function is therefore He- 
auc ion* 

Animalfl live upon Organised substances, giving off carbonic 
anhydride and other oxidised products, but taking up oxygen ; 
their function is therefore Oxidation, 

The bulk of the plant is merely increased by food, whereas, 
when an animsd has attained full growth, the food serves to 
repair tissue waste. The sun supplies to the plant the acti* 
vity requisite for its food organisation, whilst the oxidation 
of its own body supplies to the animal the activity necessary 
for its existence. 

ANIMAL HEAT AND RESPIRATION. 

The respiratory process consists in the aeration of the blood 
which circulates through the lungs, or some analogous appa 
ratus, through the agency of the oxygen of the air. The 
blood is separated from the air by an extensive surface of ex- 
tremely fine membrane ; and through this, by solution and 
difiFusion, the exchange of gases takes place. By this means 
also the blood is relieved of the products of combustion. 

From 22 to 43 cubic inches of air are thrown out from the 
human lungs at each ordinary respiration. 

It is stated that as much as 100 and as little as 3 cubic 
inches have been expired. By a forced effort, from 60 to 60 
cubic inches are ordinarily expelled, and possibly from 100 to 
300 cubic inches may be expired after a full inspiration ; but 
even tiien the lungs are not emptied of air, and the residual 
amount has been estimated at from 40 to 260 cubic inches. 
From 77 to 170 cubic inches may be expired after an ordinary 
expiration ; and by the deepest sigh, after an ordinary inspi- 
ration, from 119 to 200 more cubic inches may be drawn into 
the lungs. 

The number of respirations varies from 14 to 16 per minute, 
but the number, even in health, varies from 9 to 20. Expired 
air contains from 3 to 6 per cent, of carbonic anhydride, but 
the quantity of the caroonic anhydride exhaled varies con- 
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Fathologicaliy the nrine u rendered pale in aniemia, and in 
those comutions which produce an increase in the quantity, 
and it is similarly heightened in colour under those conditions 
in which the quantity of water eliminated by the kidneys is 
diminished, while the elimination at solids remains normal, or 
is increased. 

The presence of bile may render the urine brown, or even 
black. 

The specific gravity of healthy urine varies from 1015 to 
1025 ; but after copious drinking upon an empty stomach the 
specific gravity may fall as low as 1001, and again it may rise 
to 1030 after a full meal. 

The urine of females is usually slightly lower in specific 
gravity than in males, except during pregnancy, at which 
period the specific gravity is normally about 1030. 

The urine of herbivorous animals is alkaline in reaction, 
whilst in the carnivorous it is strongly acid. 

In man its reaction is faintly acid, since his food is a blend- 
ing of animal with vegetable substances. 

The colour of the urine is probably due to at least two 
colouring matters, Urobilin and Indican, 

Milk varies in composition in different animals, but each 
variety possesses all the materials requisite for forming the 
body of the young animal : it therefore contains fats (butter) 
and lactose, or milk-sugar, casein (nearly identical in compo- 
sition with flesh), together with inorganic salts, especially 
alkaline chlorides and lime phosphates, which are necessary 
to the formation of bone. 

The specific gravity of milk varies from 1*03 to 1*04, and 
its average composition in different animals is the following : 

Woman. Cow. Goat. Ass. Bitch. 

Water 89-6 87*4 82*0 90*5 66*3 

Butter 2-6 40 45 1;4 14*8 

Milk-Sugar and Soluble 

Salts 40 5-0 4-5 64 2-9 

Casein and Insoluble Salts 3-8 3*6 9*0 17 16*0 

The Brain and other nervous centres contain Protoj/o», the 
essential constituent of which is phosphorus. Glycerin, 
phosphoric acid, several fatty acids and neurine are amongst 
the products of the decomposition of protagon. 

Nbukinb, or Trimethyl-Oxethtl-Ammonium-Hydboxide, 
(CHg)8C2H4NH20o, decomposes by heat into ethylene, alco- 
hol, and tnmethylamine, and it may be prepared syntheticaliy 



105 

l)y acting "apon ethylene oxide (CgH.O) with a strong Bolution. 
of trimethylaanine ((CH3)3N). Thus— 

C2H4O + (CHJsN + H2O - (CHs)sC2H4NHA. 

THE FUNCTIONS OF PLANTS AND ANIMALS. 

Plants live upon Unorganised substances, especially water, 
carbonic anhydride, ammonia and salts, organising them and 
giving oflf oxygen. Their chemical function is therefore He- 
due ton. 

Animals live npon Organised snbstances, giving off carbonic 
J^ydride and other oxidised prodncts, but taking up oxygen ; 
thdr function is therefore Oxidation, 

The bulk of the plant is merely increased by food, whereas, 
when an animal has attained full growth, the food serves to 
repair tissue waste. The sun supplies to the plant the acti* 
''^ty requisite for its food organisation, whilst the oxidation 
of its own body supplies to the animal the activity necessary 
for its existence. 

ANIMAL HEAT AND RESPIRATION. 

The respiratory process consists in the aeration of the blood 
which circulates through the lungs, or some analogous appa 
i^tus, through the agency of the oxygen of the air. The 
blood is separated from the air by an extensive surface of ex- 
tremely fine membrane ; and through this, by solution and 
^liffusion, the exchange of gases takes place. By this means 
also the blood is relieved of the products of combustion. 

Prom 22 to 43 cubic inches of air are thrown out from the 
numan lungs at each ordinary respiration. 

It is stated that as much as 100 and as little as 3 cubic 
inches have been expired. By a forced effort, from 50 to 60 
cubic inches are ordinarily expelled, and possibly from 100 to 
300 cubic inches may be expired after a full inspiration ; but 
even then the lungs are not emptied of air, and the residual 
amount has been estimated at from 40 to 260 cubic inches. 
Prom 77 to 170 cubic inches may be expired after an ordinary 
expiration ; and by the deepest sigh, after an ordinary inspi- 
ration, from 119 to 200 more cubic inches may be drawn into 
the lungs. 

The number of respirations varies from 14 to 16 per minute, 
but the number, even in health, varies from 9 to 20. Expired 
air contains from 3 to 6 per cent, of carbonic anhydride, but 
the quantity of the caroonic anhydride exhaled varies con- 
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Fatholosically the nrine is rendered pale in anemia, and in 
those coniutions which produce an increase in the quantity, 
and it is similarly heightened in colour under those conditions 
in which the quantity of water eliminated by the kidneys is 
diminished, while the elimination of solids remains normal, or 
is increased. 

The presence of bile may render the urine brown, or even 
black. 

The specific gravity of healthy urine varies from 1015 to 
1025 ; but after copious drinking upon an empt]^ stomach the 
specific gravity may fall as low as 1001, and again it may rise 
to 1030 after a full meal. 

The urine of females is usually slightly lower in specific 
gravity than in males, except during pregnancy, at which 
period the specific gravity is normally about 1030. 

The urine of herbivorous animals is alkaline in reaction, 
whilst in the carnivorous it is strongly acid. 

In man its reaction is faintly acid, since his food is a blend- 
ing of animal with vegetable substances. 

The colour of the urine is probably due to at least two 
colouring matters, Urobilin and Indican, 

Milk varies in composition in different animals, but each 
variety possesses all the materials requisite for forming the 
body of the young animal : it therefore contains fats (butter) 
and lactose, or milk-sugar, casein (nearly identical in compo- 
sition with flesh), together with inorganic salts, especiiUly 
alkaline chlorides and lime phosphates, which are necessary 
to the formation of bone. 

Tlie specific gravity of milk varies from 1*03 to 1*04» and 
its average composition in different animals is the following : 
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Ass. Bitch. 


Water 89*6 


87-4 


820 


90-6 66-3 


Butter 2*6 


40 


4-6 


1-4 14-8 


Milk-Sugar and Soluble 








Salts 4-0 


60 


4-5 


6-4 2-9 


Casein and Insoluble Salts 3*8 


3-6 


90 


1-7 16 



The Bbain and other nervous centres contain Protagon, the 
essential constituent of which is phosphorus. Glycerin, 
phosphoric acid, several fatty acids and neurine are amongst 
the products of the decomposition of protagon. 

Neurine, Orl^METHYL-OXETHYL-AMMOKIXTM-HYDBOXIDE, 

(CHg)8C2H^NH202, decomposes by heat into ethylene, alco- 
hol, and tnmethylamine, and it may be prepared synthetically 
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by acting 1ipon ethylene oxide (O2H4O) with a strong 8olatioii> 
of trimeSiylamine ((CH3)3N). Thus— 

C2H4O + (CH8)3N + H2O - (CHJsCaH^NHA. 

THE FUNCTIONS OF PLANTS AND ANIMALS. 

Plants live upon Unorganised substances, especially water, 
carbonic anhydride, ammonia and salts, organising them and 
giving off oxygen. Their chemical function is therefore JRe- 
aucion. 

Animals live upon Organised substances, giving off carbonic 
anhydride and other oxidised products, but taking up oxygen ; 
their function is therefore Oxidation, 

The bulk of the plant is merely increased by food, whereas, 
when an animal has attained full growth, the food serves to 
repair tissue waste. The sun supplies to the plant the acti* 
vit^ requisite for its food organisation, whilst the oxidation 
of its own body supplies to the animal the activity necessary 
for its existence. 

ANIMAL HEAT AND RESPIRATION. 

The respiratory process consists in the aeration of the blood 
which circulates through the lungs, or some analogous appa 
ratus, through the agency of the oxygen of the air. The 
blood is separated from the air by an extensive surface of ex- 
tremely fine membrane ; and through this, by solution and 
diffasion, the exchange of gases takes place. By this means 
also the blood is relieved of the products of combustion. 

From 22 to 43 cubic inches of air are thrown out from the 
human lungs at each ordinary respiration. 

It is stated that as much as 100 and as little as 3 cubic 
inches have been expired. By a forced effort, from 60 to 60 
cubic inches are ordinarily expelled, and possibly from 100 to 
300 cubic inches may be expired after a hill inspiration ; but 
even then the lungs are not emptied of air, and the residual 
amount has been estimated at from 40 to 260 cubic inches. 
From 77 to 170 cubic inches may be expired after an ordinaiy 
expiration ; and by the deepest sigh, alter an ordinary inspi- 
ration, from 119 to 200 more cubic inches may be drawn into 
the lungs. 

The number of respirations varies from 14 to 16 per minute, 
but the number, even in health, varies from 9 to 20. Expired 
air contains from 3 to 6 per cent, of carbonic anhydride, but 
the quantity of the carbonic anhydride exhaled varies con- 
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Pathologically the nzine is rendered pale in ansmia, and in 
those comutions which produce an increase in the quantity, 
and it is simihirly heightened in colour under those conditions 
in which the quantity of water eluninated by the kidneys is 
diminished, while the elimination of solids remains normal, or 
is increased. 

The presence of bile may render the urine brown, or even 
black. 

The specific gravity of healthy urine varies from 1015 to 
1025 ; but after copious drinking upon an empty stomach the 
specific gravity may fall as low as 1001, and again it may rise 
to 1030 after a full meal. 

The urine of females is usually slightly lower in specific 
gravity than in males, except during pregnancy, at which 
period the specific gravity is normally about 1030. 

The urine of herbivorous animals is alkaline in reaction, 
whilst in the carnivorous it is strongly acid. 

In man its reaction is faintly acid, since his food is a blend- 
ing of animal with vegetable substances. 

The colour of the urine is probably due to at least two 
colouring matters, Urobilin and Indican. 

Milk varies in composition in different animals, but each 
variety possesses all the materials requisite for forming the 
body of the young animal : it therefore contains fats (butter) 
and lactose, or milk-sugar, casein (nearly identical in compo- 
sition with flesh), together with inorganic salts, especially 
alkaline chlorides and lime phosphates, which are necessary 
to the formation of bone. 

The specific gravity of milk varies from 1*03 to 1*04^ and 
its average composition in dlGTerent animals is the following : 
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The Brain and other nervous centres contain Proto^on, the 
essential constituent of which is phosphorus. Glycerin, 
phosphoric acid, several fatty acids and neurine are amongst 
the products of the decomposition of protagon. 

Neurine, or Trimethyl-Gxethyl- Ammonium-Hydroxide, 
(CH8)3C2H4NH202, decomposes by heat into ethylene, alco- 
hol, and trimethylamine, and it may be prepared synthetically 
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by acting \ipon ethylene oxide (O2H4O) with a strong solatioif 
of trimetiiylamine ((CH3)3N). Thus — 

O2H4O + (CHs)3N + HgO - (CH3)8C2H4NH202- 

THE FUNCTIONS OF PLANTS AND ANIMALS. 

Plants live upon Unorganised substances, especially water, 
carbonic anhydride, ammonia and salts, organising them and 
giving off oxygen. Their chemical function is therefore JRe- 
duc ion. 

Animals live upon Organised substances, giving off carbonic 
anhydride and other oxidised products, but taking up oxygen ; 
their function is therefore Oxidation, 

The bulk of the plant is merely increased by food, whereas, 
when an animal has attained full growth, the food serves to 
repair tissue waste. The sun supplies to the plant the acti' 
vity requisite for its food organisation, whilst the oxidation 
of its own body supplies to the animal the activity necessary 
for its existence. 

ANIMAL HEAT AND RESPIRATION. 

The respiratory process consists in the aeration of the blood 
which circulates through the lungs, or some analogous appa 
ratus, through the agency of the oxygen of the air. The 
blood is separated from the air by an extensive surface of ex- 
tremely fine membrane ; and through this, by solution and 
diffusion, the exchange of gases takes place. By this means 
also the blood is relieved of the products of combustion. 

From 22 to 43 cubic inches of air are thrown out from the 
human lungs at each ordinary respiration. 

It is stated that as much as 100 and as little as 3 cubic 
inches have been expired. By a forced effort, from 50 to 60 
cubic inches are ordinarily expelled, and possibly from 100 to 
300 cubic inches may be expired after a full inspiration ; but 
even then the lungs are not emptied of air, and the residual 
amount has been estimated at from 40 to 260 cubic inches. 
From 77 to 170 cubic inches may be expired after an ordinaiy 
expiration ; and by the deepest sigh, after an ordinary inspi- 
ration, from 119 to 200 more cubic inches may be drawn into 
the lungs. 

The number of respirations varies from 14 to 16 per minute, 
but the number, even in health, varies from 9 to 20. Expired 
air contains from 3 to 6 per cent, of carbonic anhydride, but 
the quantity of the carbonic anhydride exhaled varies con- 
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Pathologically the nzine is rendered pale in anemia, and in 
those conmtionB which produce an increase in the quantity, 
and it is similarly heightened in colour under those conditions 
in which the quantity of water eliminated by the kidneys is 
diminished, while the elimination of solids renuuns normal, or 
is increased. 

The presence of bile may render the urine brown, or eyen 
black. 

The specific gravity of healthy urine varies from 1015 to 
1025 ; but after copious drinking upon an empty stomach the 
specific gravity may fall as low as 1001, and again it may rise 
to 1030 after a full meal. 

The urine of females is usually slightly lower in specific 
gravity than in males, except during pregnancy, at which 
period the specific gravity is normally about 1030. 

The urine of herbivorous animals is alkaline in reaction, 
whilst in the carnivorous it is strongly acid. 

In man its reaction is faintly acid, since his food is a blend- 
ing of animal with vegetable substances. 

The colour of the urine is probably due to at least two 
colouring matters. Urobilin and Indican. 

Milk varies in composition in different animals, but each 
variety possesses all the materials requisite for forming the 
body of the young animal : it therefore contains fats (butter) 
and lactose, or milk-sugar, casein (nearly identical in compo- 
sition with flesh), together with inorganic salts, especially 
alkaline chlorides and lime phosphates^ which are necessary 
to the formation of bone. 

The specific gravity of milk varies from 1*03 to 1*04^ and 
its average composition in different animals is the following : 

Woman. Cow. Ooat. Ass. Bitch. 

Water 896 87-4 820 90*5 663 

Butter 2-6 40 45 1-4 148 

Milk-Sugar and Soluble 

Salts 40 50 4-5 64 2*9 

Casein and Insoluble Salts 3*8 3*6 9*0 1*7 16*0 

The Brain and other nervous centres contain Proto^on, the 
essential constituent of which is phosphorus. Glycerin, 
phosphoric acid, several fatty acids and neurine are amongst 
the products of the decomposition of protagon. 

Nburinbs, or Tbimethyl-Oxethyl-Ammonium-Hydroxide, 
(CH8)8C2H4NHaOo, decomposes by heat into ethylene, alco- 
hol, and trimethylamine, and it may be prepared synthetically 
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by acting upon ethylene oxide (O2H4O) with a strong solutioif 
of trimeuiylamine ((CH3)3N). Thus — 

O2H4O + (CH3)sN + HgO - (CH8)8C2H4NH202. 

THE FUNCTIONS OF PLANTS AND ANIMALS. 

Plants live upon Unorganised substances, especially water, 
carbonic anhydride, ammonia and salts, organising them and 
giving off oxygen. Their chemical function is therefore JRe- 
duc ion. 

Animals live upon Organised substances, giving off carbonic 
anhydride and other oxidised products, biit taking up oxygen ; 
their function is therefore Oxidaiion. 

The bxQk of the plant is merely increased by food, whereas, 
when an animal has attained full growth, the food serves to 
repair tissue waste. The sun supplies to the plant the acti« 
vity requisite for its food organisation, whilst the oxidation 
of its own body supplies to the animal the activity necessary 
for its existence. 

ANIMAL HEAT AND RESPIRATION. 

The respiratory process consists in the aeration of the blood 
which circulates through the lungs, or some analogous appa 
ratus, through the agency of the oxygen of the air. The 
blood is separated from the air by an extensive surface of ex- 
tremely fine membrane ; and through this, by solution and 
diffusion, the exchange of gases takes place. By this means 
also the blood is relieved of the products of combustion. 

From 22 to 43 cubic inches of air are thrown out from the 
human lungs at each ordinaiy respiration. 

It is stated that as mucn as 100 and as little as 3 cubic 
inches have been expired. By a forced effort, from 50 to 60 
cubic inches are ordinarily expelled, and possibly from 100 to 
300 cubic inches may be expired after a full inspiration ; but 
even then the lungs are not emptied of air, and the residual 
amount has been estimated at from 40 to 260 cubic inches. 
From 77 to 170 cubic inches may be expired after an ordinary 
expiration ; and by the deepest sigh, after an ordinary inspi- 
ration, iiom 119 to 200 more cubic inches may be drawn into 
the lungs. 

The number of respirations varies from 14 to 16 per minute, 
but the number, even in health, varies from 9 to 20. Expired 
air contains from 3 to 6 per cent, of carbonic anhydride, but 
the quantity of the carbonic anhydride exhaled varies con- 
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Pathologically the nzine is rendered pale in anemia, and in 
those confutions which produce an increase in the quantity, 
and it is similarly heightened in colour under those conditions 
in which the quantity of water eliminated by the kidneys is 
diminished, while the elimination of solids renuuns normal, or 
is increased. 

The presence of bile may render the urine brown, or even 
black. 

The specific gravity of healthy urine varies from 1015 to 
1025 ; but after copious drinking upon an empty stomach the 
specific gravity may fall as low as 1001, and again it may rise 
to 1030 after a full meal. 

The urine of females is usually slightly lower in specific 
gravity than in males, except during pregnancy, at which 
period the specific gravity is normally about 1030. 

The urine of herbivorous animals is alkaline in reaction, 
whUst in the carnivorous it is strongly acid. 

In man its reaction is faintly acid, since his food is a blend- 
ing of animal with vegetable substances. 

The colour of the urine is probably due to at least two 
colouring matters. Urobilin and Indican, 

Milk varies in composition in different animals, but each 
variety possesses all the materials requisite for forming the 
body of the young animal : it therefore contains fats (butter) 
and lactose, or milk-sugar, casein (nearly identical in compo- 
sition with flesh), together with inorganic salts, especially 
alkaline chlorides and lime phosphates^ which are necessary 
to the formation of bone. 

The specific gravity of milk varies from 1*03 to 1'04^ and 
its average composition in different animals is the following : 

Woman. Cow. Goat. Ass. Bitch. 

Water 89*6 87-4 820 90*5 66*3 

Butter 2-6 40 4*5 1-4 14-8 

Milk-Sugar and Soluble 

Salts 40 50 4-6 6*4 29 

Casein and Insoluble Salts 3*8 3*6 9*0 1*7 16 '0 

The Brain and other nervous centres contain Proto^on, the 
essential constituent of which is phosphorus. Glycerin, 
phosphoric acid, several fatty acids and neurine are amongst 
the products of the decomposition of protagon. 

Neurine, OrTRIMETHTL-OXETHyL-AMMONIUM-HYDROXIDB, 

(CH8)8C2H^NH202, decomposes by heat into ethylene, alco* 
hoi, and trmiethylamine, and it may be prepared synthetically 
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bv actiBff "apon ethylene oxide (O2H4O) with a strong solatioif 
of trimethylamine ((CH3)3N). Thus — 

CJELfi + {CH3)sN + H2O - {CH3)8C2H4NH202. 

THE FUNCTIONS OF PLANTS AND ANIMALS. 

Plants live upon Unorganised substances, especially v^Ater, 
carbonic anhydride, ammonia and salts, organising them and 
giving off oxygen. Their chemical function is therefore JRe- 
auc ion. 

Animals live upon Organised substances, giving off carbonic 
anhydride and other oxidised products, biit taking up oxygen ; 
their function is therefore Oxidation, 

The bulk of the plant is merely increased by food, whereas, 
when an animal has attained full growth, the food serves to 
repair tissue waste. The sun supplies to the plant the acti« 
vity requisite for its food organisation, whilst the oxidation 
of its own body supplies to the animal the activity necessary 
for its existence. 

ANIMAL HEAT AND RESPIRATION. 

The respiratory process consists in the aeration of the blood 
which circulates through the lungs, or some analogous appa 
ratus, through the agency of the oxygen of the air. The 
blood is separated from the air by an extensive surface of ex- 
tremely fine membrane ; and through this, by solution and 
diffusion, the exchange of gases takes place. By this means 
also the blood is relieved of the products of combustion. 

From 22 to 43 cubic inches of air are thrown out from the 
human lungs at each ordinary respiration. 

It is stated that as much as 100 and as little as 3 cubic 
inches have been expired. By a forced effort, from 50 to 60^ 
cubic inches are ordinarily expelled, and possibly from 100 to 
300 cubic inches may be expired after a full inspiration ; but 
even then the lungs are not emptied of air, and the residual 
amount has been estimated at from 40 to 260 cubic inches. 
From 77 to 170 cubic inches may be expired after an ordinary 
expiration ; and by the deepest sigh, aiter an ordinary inspi- 
ration, &om 119 to 200 more cubic inches may be drawn into 
the lungs. 

The number of respirations varies from 14 to 16 per minute, 
but the number, even in health, varies from 9 to 20. Expired 
air contains from 3 to 6 per cent, of carbonic anhydride, but 
the quantity of the carbonic anhydride exhaled varies con- 



and it unmiiarlyheigliteiiedui colour under tbMe condituBi 
in which the ouutity of water eliminated by the kidneyt >> 

iliMiH«lijMl_ ^J hilfl tim alifninatifwi nf lolidfl IGnuinBllOrmttJ, tf 

is mcraaaed. 

Tha praeDC« of bile may raider tiie urine brown, or sm 
black. 

The specific gravity of healthjr urine varies from lOlS to 
1025 ; Init after copimw drinking npon an empty atomacli tlie 
■pecific gravity nay fall M low ae 1001, and again it majnK 
to 1030 after a fall meaL 

The nriae of females is usually slightly lower in 8pc<ifl° 
gravity than in males, except during pregnancy, at wtiA 
period the specific gr^Tity is normally about 1030. 

The urine of herbivorona animals is alkaline in rewtiin, 
whilst in the camivorona it ia strongly acid. 

In man its reaction is faintly acid, since his food is a blen^ 
iniFof animal with vegetable sabatances. 

The colonr of the urine is probably dne to at least twi) 
oolonring matters, UrMUn tailndican. 

Mile Taries in composition in different animals, bat fdt 
variety possesses all the materials requiaita for fornuDg taa 
body of tbe yonng "-"j ni al : it therefore cont^ns fall (ntttn) 
and lactose, or mtlk-sogar, casein (nearly identicil in ■SO^'Pp' 
aition with flesh), together with inorganio salts, eapedlltr 
alkaline chlorides and lime phosphates, which are neoeswT 
to tie fDnnatinn nf hoTip. 




